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Proceedings of the Four Hundred and Eighty-eighth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
February ті, 1909 — Мг. W. М. Мокрку, 
President, in the chair. 


The Miny 


tes of the Ordinary General Meeting held on Thursday, 
January 28 


‚ 1909, were taken as read and confirmed. 


n list of candidates for election into the Institution was taken as 
and И was ordered that it should be suspended in the Library. 


Я The following list of transfers was announced as having bcen 
рргогед by the Council :— 


е TRANSFERS, 
on the class of Associate Members to that of Members :— 
Edward A. Barker. | William Maurice. 


From the class of Associates to that of Members :— 
Cil Barber, | Robert Orsettich. 


From the class о! Associates to that of Associate Members :— 
dward Geo. Anness. | Ernest A. Lambert. 


у Geo. К. Nowlan. 
OL, 43. 1 
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From the class of Students to that of Associate Members— 


William B. Adams. F. E. Berry. 
W. J. A. Anderson. L. Calisch. 
A. W. Barnley. J. K. Catterson-Smith. 


G. W. Stewart. | 


Messrs. W. W. Cook and А. D. Stevenson were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 
қ As Members. 
Dr. Max Kloss. | Charles Stafford Schultz. 

As Associate Members. 

George John Leigh Brown. John Horn Murray. 
Herbert №, Calvert. Alexander Dick Phillips. 
Joseph Russell W. Grainge. Frederick Dennis Pyne. 
Arthur Stanley Hawkins. Ernest E. Shatford. 
Edward John Lincoln. William Smith. 
Harry William Moorc. Cyril Reginald Sprague. 


Thomas George Wright. 


As Associates. 
John Singleton Green. | Harry James Simpson. 


Donations to the Library were announced as having been received 
since the last meeting from Messrs. Cassell & Co., Ltd., H. В. Kempe, 
Messrs. F. C. & W. H. Smith, Professor R. H. Smith, Messrs. E. & 
Е. М. Spon, Ltd.; to the Building Fund from К. Н. Burnham, А. Н. 
Dykes, Н. W. Handcock ; to the Benevolent Fund from Е. СШ, К. К. 
Gray, to whom the thanks of the meeting were duly accorded. 

The PRESIDENT: Before calling on the authors for their paper, 
I have to make an announcement with regard to {һе staff of the 
Institution. To-night, I am sorry to say, we see our friend Mr. Lloyd 
in his place as Secretary for the last time. Не has served us ably and 
well for five ycars, and has become a friend of many of us here. 
The Council has appointed as his successor, Mr. Rowcll, who has 
been the first assistant in the office for eight years, and is, no doubt, 
well known to you all. To-night we welcome the coming and speed 
the parting Secretary. Our good wishes and our goodwill go with 
Mr. Lloyd; and we hope and believe that Mr. Rowell will prove а 
worthy successor to him. 

А paper (see p. 3) by Messrs. L. Andrews and Reginald Porter, 
entitled “Тһе Use of Large Gas Engines for Generating Electric 
Power,” was read and discussed. 

The meeting adjourned at 9.40 p.m. 
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THE USE OF LARGE GAS ENGINES FOR 
GENERATING ELECTRIC POWER. 


By LEONARD ANDREWS, Member, and REGINALD PORTER, 
B.A., Associate Member. 


(Received November 19, 1908, read at London and Dublin оп February 
11, and at Manchester оп February 16, 1909.) | 


In the discussion on Messrs. Merz апа McLellan's paper on “ Power 
Station Design" = Colonel Crompton said : “1 regret to say that the 
authors have not told us much on the question of the day, г.е., the real 
fros and cons of plant driven by steam versus internal combustion 
engines. When I heard of the paper I had hoped that we should have 
had this matter fully discussed, but I regret to sce that no comparison 
is attempted in a quantitative sense.” What Colonel Crompton then 
somewhat prophctically referred to as the question of the day is now, 
nearly five years later, recognised as such by practically all engineers 
interested іп power-station design. То-дау опе can scarcely pick up 
a technical paper that does not contain some reference to the growing 
use of large internal combustion engines. 

Hitherto the use of large gas engines has been chiefly confined to 
iron and stcel works, where they are run on blast furnace and other 
waste gases for driving blowing engines and generating electric power, 
which is used for rolling mills, etc., іп the works, the surplus power 
being sold, at a very low rate, for municipal lighting and. tramway 
loads, and for industrial works in the neighbourhood, 

In Germany the manufacture of large gas engines is an established 
industry on a large scale. Even in 1906, out of forty-nine smelting 
works forty-one had either installed gas engines or had placed orders 
for them, the engines actually installed at that time aggregating over 
295,000 Н.Р. + 

Whilst there have been a few blast furnace gas engine installations 
working in this country for some years, the engines used have bcen 
mainly limited to capacities of from 300 to 500 В.Н.Р., and credit must 
undoubtedly be given to the German iron and steel industry for having 
created the demand which has brought the large gas engine to its 
present state of perfection. 

The use of large gas engines for driving electric gencrators is 
а subject that is also receiving considerable attention in the United 


* Proceedings of the Institution of Electrical. Engincers, vol. 33. 
+ From Science Abstracts, January, 1907. 
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States. A few months ago the National Electric Light Association 
appointed a special Committee to report on the use of large gas engines 
for driving electric generators, and the report was presented to the 
Association at their convention held in Chicago last May. 

This report, in addition to giving very interesting descriptions of 
some of the large American gas engines, contains a number of tabulated 
replies to inquiries sent to many users of large gas engines respecting 
the output of the units employed, the quantity of gas, oil, cooling water, 
etc., used, and the nature of the troubles experienced. Тһе tables also 
set out the monthly cost of repairs for each installation, and users' 
comments upon questions of parallel operation, continuity of service, 
reliability and economy as compared with steam plant, and general 
remarks. Whilst these most interesting and instructive replies show 
that in some cases troubles have been experienced, none of them appear 
to be of an insurmountable па ге. It is encouraging to note from the 
general remarks column of the tables that the majority of users’ com- 
ments are distinctly favourable to gas engines, both as regards reliability 
and economy of working. 

The Committee's Report, which is very voluminous, concludes with 
an interesting summary, the gencral character of which may be gathered 
from the following extracts :— 


“The high thermal efficiency of the combined gas engine and 
producer must command the attention of all companies using fuel 
for power purposes, and the development of the gas engine and 
gas producer should, therefore, receive the careful study of all 
power users. 

“Тһе efficiency of the combined gas engine and producer is 
higher than that of a combined steam plant of boilers and steam 
engines or boilers and steam turbines." 

“... There are to-day installed and building in this country 
at least 300,000 Н.Р. in large units. . . ." “Тһе enormous 
investment as shown above indicates the assurance with which 
the operators of this class consider the reliability of the gas 
engine. . . " "Continuous operation can be expected with 
no more attention than that given to steam engines of equal 
capacity... ." 

* While at present the Committee believes that the cost of 
gas engines is much in excess of that of stcam engines of the 
same capacity, it also believes that itis possible to build a combined 
producer and gas engine plant for costs approximately that of the 
combined boiler and steam engine plant, when all auxiliarics and 
buildings аге included." 


Onc of the authors, during a recent visit to thc States, had the good 
fortune to meet Mr. W. C. Eglin, the Chairman of the special Committee 
referred to above, and obtained much interesting information from him, 
and from other engineers who have studied the question, some of which 
is embodied in the present paper. 
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Whilst the authors believe that there is an important field for the 
use of large gas engines for driving electric generators, they do not 
consider that there is at present justification for the suggestion that has 
been made, that the internal combustion engine will, in the early future, 
be used to the exclusion of the external combustion engine. 

The position, so far as present knowledge goes, may be briefly 
summarised as follows :— 


The internal combustion engine is very much more economical 
than any external combustion engine yet known. 

The capital cost of a gas engine and producer installation 15 
greater than that of a steam turbine and boiler installation 
of equivalent overload capacity. 

There is no material difference in the reliability or in the cost of 
labour, stores, and repairs of the respective systems. 


In cases, therefore, where the cost of fuel is low, and the load 
factor is low, it will generally be a mistake to use gas engines. On 
the other hand, where the load factor is high, or the cost of fucl is 
high, there сап be no doubt that gas engines will prove to be 
by far the cheapest prime mover to employ for driving electric 
generators. 

The majority of cases to be dealt with will doubtless fall between 
these two extremes, and engineers responsible for the design of future 
power houses will have many points to consider before definitely 
deciding whether the prime movers for the electric generators shall 
be steam or gas driven, or a combination of the two. 

As the conditions which go to determine whether gas engines 
should, or should not, be used are in most cases so widely different 
from the conditions under which experience has, up to the present, 
been obtained, it is extremely difficult for engineers to utilise the 
available knowledge upon the subject to the best advantage. 

We have, therefore, endeavoured to collect facts from a large 
number of different sources, and to apply the information obtained 
to one or two hypothetical public electric supply schemes as nearly 
comparable as possible with many of the existing power supply 
schemes that are now being carried out in different parts of the 
country. 

For comparative purposes we have endeavoured to show what, in 
our opinion, would be the respective total cost of generating power by 
steam turbines and by gas-driven generators under the assumed con- 
ditions specified. 

To enable engineers who have had experience both with gas instal- 
lations and with steam installations to criticise our cstimates, we have 
given somewhat full details of our calculations, and, to some extent, the 
source of information upon which these are based. 


For the first scheme to be considered we have assumed that the 
estimated maximum load to be dealt with shall be 8,000 k.w. 
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That the overload and standby capacity of the plant shall be such 
as to carry the maximum load of 8,000 k.w. for at least two 
hours, should any portion of the plant break down at the 
time when one unit is already laid off for overhaul. (It is 
felt that this method of expressing the capacity of standby 
required is far more satisfactory than doing so in terms of 
percentage overload, as the useful value of the latter depends 
largely upon the number and size of the units employed.) 
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That the power generated is utilised for public and private light- 

ing, and for a tramway and general industrial motor load ; 
units sold x 100 

" maximum demand x 8760 
24 per cent., and that the cfficiency of distribution—i.¢., 
units sold x 100 
units generated’ 
daily load curve is approximately of the shape shown in B, 
Fig. 1. 

That the cost of good bituminous slack, having a calorific value 
of 13,000 B.Th.U. per lb. is 12s. per ton delivered at the 
generating station. 


that the load factor— i.e , equals 


equals 80 per cent, and that the mean 


* Аз recommended by Mr. Bernard Jenkins in the discussion on Messrs. Merz and 
McLellan's paper. 
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Choice оў Site—The points to be considered in selecting a site for a 
gas-driven station are practically the same as for a steam-driven 
station, viz. :— 


А. A plentiful supply of water for cooling purposes. 

B. Transport of fucl. 

C. Suitability of site relatively to position of centre of distributing 
area, as affecting cost of feeders. 

D. Liability of nuisance to adjoining property. 

E. Cheapness of land. 

F. Cost of constructing foundations for plant, buildings, and 
chimneys. 


In choosing a site for a steam turbine station it is often good policy 
to sacrifice other advantages in order to get a site with a plentiful 
supply of cold water for condensing purposes. This advantage has 
usually, however, to be heavily paid for. As the latitude in the choice 
of a site is very limited, the cost of land will probably be very much 
greater. Тһе cost of foundations will also generally be greater, 
added to which the right of using the water will generally have 
to be paid for; and, finally, it is more than probable that the site 
available will not be a good one from the point of view which American 
engineers term “the electrical centre of gravity "—that is to say, the 
cost of feeders will probably be much greater than if a more central 
position were selected. It is consequently often very much сһсарег, 
on the whole, to put down cooling towers for condensing purposes. 

Inasmuch as it is impossible to estimate the cost of obtaining a site 
with a plentiful water supply, as this will vary largely in every case, we 
have based our comparisons upon the assumption that cooling towers 
will be used in conjunction with a public water supply. 

We will assume that a convenient piece of land has been secured, 
bounded on one side by a railway track and on the other side by 
a roadway, the width of the land being 325 ft., and the length being 
ample to allow for all probable future extensions. 

A convenient lay-out for the steam plant will be that shown in Figs. 
2and 3. Figs.4 and 5 show a corresponding lay-out for the gas plant.* 

Either lay-out provides ample vard space, room for cables, stores, 
сіс., without encroaching on the ground available for future extensions. 

Туре of Generaling Plant.—For the steam plant we have assumed 
that steam turbines of the horizontal type would be used directly coupled 
to 3-рћазе generators—that each turbine would exhaust into a separate 
contra-flow surface condenser placed directly below the turbines ; that 
the cooling water would be obtained from a town supply and circulated 
by electrically driven centrifugal pumps through natural draught cool- 
ing towers, a separate pump being installed for each unit. 

* We have shown natural draught cooling of the usual dimensions in Figs, 2 and 4, 
but since these plans were made we have been advised by the Midland Engineering 
Company that their Zylberlast Cooling Towers only occupy two-thirds of the space 


shown for the same capacity. If, therefore, these towers were used the space occupied 
by the cooling towers tor both steam and gas plants would be reduced by this extent. 
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For the gas plant we have assumed that the engines would be of the 
slow-specd, 4-cycle double-acting tandem type, directly coupled to 
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FIG. 2.—10,000-k.w. Steam Plant (Plan). 
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overhanging flywheel 3-phase generators. Тһе cooling water for the 
engines would, as in the case of the steam plant, be obtaincd from 
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а town supply and circulated by means of small piston pumps driven 
from the engine crankshafts, the water being cooled in natural draught 
cooling towers. 

Capacily of Generator Units.—Experience has shown that large units 
in steam plant are considerably more economical, both in first cost and 
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Кіс. 3.—10,000-k. w. Steam Plant (Elevation). 
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running cost, than smaller units, and as they can at present be obtained 
ш much larger sizes than gas engines, they have, in some cases, a con- 
Sderable advantage in this respect. It is possible, for instance, to 
obtain units of such а size that one plant would be capable with its 
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To comply, however, with 
the suggested specification as 
to overload capacity, it would 
be necessary to put down two 
additional units of the same 
size, with the result that the 
standby capacity would be 
altogether out of proportion 
to the maximum demand, and 
the first cost would be con- 
siderably greater than if 
smaller units were selected. 

For a maximum output 
of 8,000 k.w. it appears that 
the most economical arrange- 
ment of units would be five 
plants, each having a normal 
capacity of 2,000 k.w., with 
an overload capacity for two 
hours of 33} per cent. In 
the event of two plants being 
laid off simultaneously, the 
remaining three sets would 
then be capable of supplying 
the maximum demand for a 
period of two hours as speci- 
hed. 

The output of gas-engine 
units is, at present, limited 
to about 1,500 B.H.P. per 
cylinder, this being the largest 
size that has yet been made. 
Four such cylinders arranged 
in twin tandem would give 
a combined output of 6,000 
Н.Р., or, say, 4,000 k.w. 

The arguments against the 
use of very large steam units 
for the hypothetical case 
under consideration also 
apply to gas-driven units. 
In fact, for the gas scheme it 
does not appear to be advis- 
able to use even such large 
units as 2,000-k.w. sets, since 
the overload capacity of gas 
engines is only 10 or 12 per 
cent., and consequently three 
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FiG. 5.—10,000-k.w. Gas Plant (Elevation). 
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2,000-k.w. plants would only be able to deal with a maximum demand 
of 6,600-6,700 k.w., and six units of this capacity would therefore be 
required to deal with the specified maximum demand and provision 
for standby. А more economical installation would be seven gene- 
rators, having a normal capacity of 1,450 k.w. each, and an overload 
capacity of 1,600 k.w. With such an installation if two gencrators 
were laid off simultaneously the remaining generators would be able to 
deal with the full maximum demand of 8,000 k.w. for two hours as 
specified. 

Single-tandem versus Twin-landem Combinations.—The next point to 
be determined is whether the engines should be of the single-tandem 
or twin-tandem type. The only advantage of the twin-tandem over 
the single-tandem combination appears to be that, with a 4-cycle 
engine, the crankshaft will receive four impulses per revolution instead 
of two. It is obvious, therefore, that with a given flywheel effect the 
cyclic irregularity will be considerably greater with the latter than 
with the former. 

To illustrate the difference in cyclic irregularity between a double- 
acting single-tandem engine and a double-acting twin-tandem engine 
as compared with the difference between that of a doublc-acting 
tandem engine and of a single-acting engine, we have constructed 
curves showing the speed variation throughout each cycle of different 
types of engines of a given horse-power, and fitted with flywheels of а 
given moment of inertia. 

These curves are shown in Fig. 6 for the following engines :— 


750-В.Н.Р. double-act:ng twin-tandem engine showing cyclic 
irregularity of 1/2500. 

750-B.H.P. double-acting single-tandem engine showing a cyclic 
irregularity of 1/250. 

750-B.H.P. single-acting tandem engine showing a cyclic irregu- 
larity of 1/1675. 

750- B.H.P. double-acting single-cylinder engine showing a cyclic 
irregularity of 1/11. 


The basis оп which these curves are worked out is given in 
Appendix A. 

Of course, in practice a very much smaller flywheel effect would be 
used for the twin-tandem engine, and a very much greater flywheel 
effect for the single-cylinder engine. 

Fig. 7 shows the respective flywheel effects required with the diffe- 
rent types of engines referred to, to maintain the cyclic irregularity 
within r/250, this being the maximum variation under which generator 
makers usually guarantee satisfactory parallel running.* 


* The large yas engines at the Bruckhausen, Homecourt апа Heinitz installations, 
visited by English engineers in August last, are all provided with flywheels to main- 
tain a cyclic irregularity within 1/250. The two former are single tandem engines, 
and the latter twin tandem, but no appreciable difference in the parallel running was 
noticeable. 
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We have plotted in Fig. 8 curves showing the approximate capital 
cost of engines and generators erected complete with pipework, foun- 
dations, and flywheels necessary for the above specified cyclic regularity 


Double actin 


d d 22 


Fic. 7.—The Flywheel Effect necessary to ensure Cyclic Irregularity not 
exceeding 1/250. 


for both single- and twin-tandem engines of outputs varying from 500 
to 5,000 B.H.P.* 

These curves show that the capital cost of a twin-tandem set is 
appreciably higher than a single-tandem өсі of the same output. The 


units ,7 


Ж 


Tandem engines. 


4 
AG 
20 


о 500 1000 2009 ay p 2000 +000 5000 


Еіс. 8.—Capital Costs of Slow-speed Horizontal Gas Engines. 


cost of fuel, ой, and repairs will be slightly higher for the twin-tandem 
combination, though not appreciably so. Тһе cost of driver's wages 
for the twin-tandem will be practically double that of the single-tandem 


* А curve is also plotted showing the corresponding capital charges for an equi- 
valent output generated by a number of 500-Н.Р. units in parallel. 
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set, as experience has shown that one enginc-driver is required for 
each line of engines, whatever the output of the engines.* 

It appears, therefore, that for the conditions under discussion a 
single-tandem engine is the best type of plant for the purpose. 

Boilers for Sleam Plant.—We have assumed that boilers of the water- 
tube type would be used, fitted with self-contained superheaters and 
automatic stokers, and that these boilers would be grouped into units 
corresponding to the output of the turbo-generators, as recommended 
by Messrs. Merz and McLellan and other designers, the normal 
capacity of each battery of boilers being equal to that of the normal 
output of its turbo-generator. In calculating the boiler capacity we 
have assumed that the steam consumption of the turbo-generator 
under working conditions, including the steam for feed-pumps and 
exciters, would be 20 lbs. per kilowatt generated. We have therefore 
provided for four 10,000-lb. boilers for each 2,000-k.w. turbine. 

In order to keep the boiler house about the same length as the 
engine-room we have provided two rows of ten boilers, grouped in 
five batteries of four boilers. 

Ап economiser is provided for cach group of boilers. 

Producers. —It is gratifying to record that whilst the development 
of large gas engines has been more pronounced in Germany than in 
this country, England can boast that it has done much more in 
perfecting the producer end of the problem. 

From inquiries made both in Germany and the United States, it 
would appear that large producers for utilising bituminous coal have 
not been entirely satisfactory in either of these countries. This is, 
perhaps, partly accounted for by the fact that the class of coal available 
in both these countries contains a far greater percentage of ash and is 
much more liable to clinker than the bituminous coal available here. 
Whatever the cause may be, the fact remains that there are numbers 
of bituminous producer installations in this country working entirely 
satisfactorily in conjunction with large gas engines. 

One firm of English producer makers alone have at the present time 
various plants supplying gas to large engines having an aggregate 
output of over 9o,ooo B.H.P. From information obtained from users, 
it appears that these producers are giving entire satisfaction. 

With properly designed engines there appear to be no greater 
difficulties to contend with than when working on blast-furnace gas. 
The comparatively high percentage of hydrogen tends to cause pre- 
ignition if the compression is carried to too higha point. This difficulty 
is, however, entirely removed by constructing the engines for a lower 
compression. 


* These remarks apply to cases where the total maximum demand is insufficient to 
justify the use of larger units than can be obtained in single tandem sets. Where the 
total output is so great that the failure of, sav, а 4,000-k.w. plant will not seriously 
cripple the undertaking or involve the provision of abnormal standby charges, the first 
cist of a twin-tandem gas plant will be considerably less than that of two single- 
tandem sets of corresponding output. Saving wili also be effected on capital cost of 
Hywheels, generators, foundations, and buildings. 
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Difficulties were experienced in the early days in the removal of tar, 
dust, and other impurities, but the efficient cleaning appliances now 
included in every properly constructed producer plant appear to have 
entirely got over these difficulties, or have at least reduced them to 
such an extent that the small percentage of impurities carried into the 
engine with the gas has no deleterious effect upon the working of the 
engine. 

Difficulties arising from variations in the quality of the gas caused 
by charging or clinkering the producers practically disappear when a 
number of producers are connected together to feed into a common 
main or common receiver where the gases from the various producers 
are mixed together, and the effect of any variation in the quality of the 
gas from individual producers is thereby neutralised. To derive the 
full benefit of this feature the producer plant should not be divided into 
units corresponding to the generator units, as has been recommended 
for steam boilers. 

Sulphate of Ammonia Recovery Plants.—A very important point to be 
considered in designing a gas-engine station is that of providing for the 
recovery of sulphate of ammonia. 

There are numbers of recovery plants that have been working for 
some years where the sale of the by-product has almost equalled the 
cost of the fuel used. Results obtained have been so entirely satisfac- 
tory that one is at first sight tempted to think it must pay to provide for 
sulphate of ammonia recovery in every instance. There are, however, 
many expenses incidental to the recovery of sulphate of ammonia in 
addition to the fucl. 

The following points must be taken into consideration as affecting 
the use of ammonia recovery plants :— 


I. Тһе first cost of the recovery plant, particularly for small sizes. 
is very much greater than the first cost of non-recovery plant. 

2. Some extra labour is involved in operating the plant. 

3. The purchase of sulphuric acid, of which approximately 1 ton 
is required for every ton of sulphate of ammonia turned out, 
is quite a heavy item. 

4. The yield of heat units per ton of coal is slightly less И sulphate 
of ammonia is recovered than the yield from non-recovery 
plants. 

5. The extra cost of repairs and the cost of handling and packing 
the by-product absorb soine of the profits effected by the 
recovery process. 


Experience, up to the present, appears to indicate that it is not 
worth while to attempt to recover sulphate of ammonia unless the total 
output of the plant is greater than 2,000 H.P., and then only on an 
exceedingly good load factor. 

For a maximum output of 8,000 k.w. it would probably pay to put 
down ammonia recovery plant, even for so poor a load factor as 24 per 
cent. An even more profitable arrangement, however, would be to 
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provide for ammonia recovery on one portion of the plant, which could 
be kept working at a very high load factor almost continuously, and to 
use non-recovery plant for dealing with the peak load and remaining 
portion of the total output. 

For the particular conditions now under discussion, the Power 
Gas Corporation (to whom we are indebted for this suggestion) recom- 
mend the use of eight producers, of which four would be equipped for 
ammonia recovery and the remaining four for non-recovery. 

Coal-handling апа Storing.—For both the steam and gas plants we 
have assumed that coal bunkers will be provided capable of carrying a 
fortnight's consumption of fuel under mean load conditions. 

In the case of the steam plant we have assumed that the coal 
bunkers would be placed over the firing floor of the boilers. These 
bunkers would have a capacity of 1,500 tons. 

In the case of the gas plant the coal would be stored in bunkers 
placed on the ground at the back of, and parallel with, the producers. 
It would be unloaded by hand from the railway trucks on the elevated 
siding at the back of the bunkers, from which it would gravitate into 
the coal-conveyor buckets and be hoisted by these into the hoppers 
over the producers. These hoppers would be of sufficient capacity to 
carry 24 hours' supply under mean-load conditions. The ashes raked 
out from below the producers would also be lifted by the same con- 
veyor into the ash hopper provided for the purpose. А sectional 
clevation of one of the producers with the coal- and ash-handling 
arrangements used is shown in Fig. 9. 

Building and Foundations.—The cost of the engine-room and engine 
foundations for the gas-driven plant is, of course, considerably greater 
than that of the steam plant, but no building is required for the 
producers (beyond small boiler and sulphate houses), and the cost of 
the foundations for the producers is very small compared with the 
cost of boiler foundations, flues, chimneys, etc. The total cost of build- 
ings amounts to considerably less, therefore, for the gas station than 
for the steam station. 

We have based our estimate of the cost of buildings for the gas- 
dnven plant upon tenders actually received. The price covers a 
substantial steel-frame building with brick walls, lined internally with 
a glazed brick dado 6 ft. high, and with tiled engine-room floor. 

We have included suitable store, workshop, and office accommodation 
in cach case. 

Exciting Plant, Switchgear, elc—We have assumed that for both 
the steam plant and the gas plant the field circuits of the gencrators 
would be excited from busbars fed by two steam-driven exciters, each 
capable of generating the whole of the exciting current required on 
full load. Тһе exciters would be supplemented by a battery capable 
of maintaining the full field current required for a period of twenty- 
four hours. 

In the case of the gas plant the steam for the exciters would be 
furnished by one of the small coal- or tar-fired boilers installed for this 

VoL. 48. 2 
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purpose. The exhaust steam from the exciter engines would be 
used in the producers, any additional steam required by the latter 
being raised by boilers heated by the exhaust gases from the main 
engines. 

Тһе switchgear would be of the remote control type, the oil-break 
switches being placed in a switch-room running the length of the 
engine-room. 
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The capital cost of the switchgear for the gas plant will be some- 
what higher than for the steam plant, as two additional generator 
panels and connections will be required. 

Capital Outlay.—' The total capital cost of the respective steam and 
gas plants for the specified maximum load of 8,000 k.w. will, we 
estimate, be as follows :— 
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STEAM PLANT. 


Five 2,000-k.w. turbo-generators, erected complete 

Five surface condensers with air and circulating 
pumps ... Ба: i she 55% 55 

Circulating pipes vs 

Cooling towers erected Pompe 

Twenty water-tube boilers erected complete with 
mechanical stokers, economisers, superheaters, 
feed pumps, water service tank and feed tank, 
water softening plant and all pipe work ... 

Buildings with engine and boiler foundations, two 
chimneys and flues 

Overhead travelling сгапс.. Sai 

Steel structural work, coal bankers coil and adi con- 
veying plant... 502 T 22% С? ... 


Exciters, battery, switchgear, and connections to 
generator эз ios 5% хар ET 
Or 613952 per kilowatt installed. 
Gas PLANT. 
Seven 1,450-k.w. gas engines, generators, air com- 


pressors, gas, water, air, and exhaust pipes and 
all auxiliaries erected complete... 45% eee 

Four ammonia-recovery producers, erected complete 
with superheaters, blowers, cooling and washing 
towers, centrifugal cleaners, scrubbers, ammonia 
absorber, and all pipe-work ... ‘ite sais 

Duplicate blower, washer, and centrifugal КІ «ds 

Four non-recovery producers with necessary scrub- 
bers, etc. КАР AA re OR ide 

Steam-raising plant, cconomisers, fecd-pumps, еіс. ... 

Water cooling towers, pumps, and water softener... 

Buildings and foundations, etc. ... 

Overhead travelling crane iis 

Steel structural work, coal bunkers, T tad ud con- 
veying plant... ese p 

Exciters, battery, switchyeur, and comice ds * 
generators - ... ... ... ete 


Or £17°68 per kilowatt installed. 
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£139,525 


08,000 


18,490 
3,790 


10,340 
4,850 
1,900 

24,275 
1,250 


6,150 


7,750 
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£176,875 
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Operation of Gas Plant.—As there are probably many engineers 
interested in the design of power stations who are not familiar with the 
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method of operating a combined producer and gas-engine station, 
a few words on this subject may not be out of place before considering 
the comparative running cost of the respective systems. 

The coal is fed by means of the endless chain elevator A A (Fig. 9) 
into the bunkers above the producers, from which it gravitates through 
the valve B into the producer C. The ashes are regularly withdrawn 
through the water lute D every four hours, the quantity being deter- 
mined by the rapidity of combustion in the producer. 

The hot gases escaping from the outlet E at the top of the producer 
pass into the superheater, which consists of a series of vertical pipes 
surrounded by the steam and air passing on their way to the producer. 
A considerable portion of the sensible heat is herein extracted and 
utilised. 

The gas then passes to the mechanical washer, where it is treated 
with a spray of warm water thrown up by revolving paddle-wheels. 
The dust and soot in the gas аге by this means removed and the tem- 
perature of the gas considerably reduced. The warm water is also at 
the same time heated up and passed to the air saturator, in which, by 
heating and saturating the air on its way to the producer, it is cooled 
for further use in the washer. 

Passing from the washer, the gas next enters the mechanical 
ammonia absorber, where it meets a fine spray of a solution of sulphate 
of ammonia, which contains a small amount of free sulphuric acid. In 
this apparatus the acid in the solution combines with the ammonia in 
the gas, producing sulphate of ammonia. "The acidity of the liquor is 
kept up by a small trickle of sulphuric acid into the absorber ; the 
sulphate liquor, which is continually being augmented in volume by 
the new sulphate of ammonia formed, slowly and continuously trickles 
out of the absorber to the stock liquor tanks. 

Following the passage of the gas, it is next treated in a mechanical 
gas cooler, where it meets a spray of cold water, and where it gives up 
the bulk of its tar. The gas leaving this cooler passes to the air 
regulator, which is merely a small gas-holder, the height of which 
regulates the quantity of air supplied by the blowers. Thence the gas 
passes through two centrifugal cleaners in series, which, revolving at 
high speeds and in conjunction with a small amount of injected water, 
effectually remove all but very small traces of the tar contained. These 
latter are removed by passing through the sawdust scrubbers, whence it 
emerges in a thoroughly cool aud purified condition and enters another 
gas-holder, which serves to keep a constant pressure in the supply main 
to the gas engines. 

The non-recovery process (the apparatus for which is shown on the 
left of the general lay-out drawing, Fig. 4) is very much simpler. The 
gas, in this case, passes direct into the cooling washer and from this, 
through the gas regulator and centrifugal cleaners to the scrubbers 
and engines. It will be noted that a spare blower, washer, regulator 
and centrifugal cleaner are provided, which may be used either for the 
non-recovery producers on the left, or for the recovery producers 
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on the right. In the latter case, the recovery producers become non- 
recovery producers. 

Running Cost.—The fuel consumption of a gas plant, as of a steam 
plant, is dependent upon at least four important factors : — 


I. The actual output, which in an electric generating plant will 
be expressed in kilowatt-hours generated. 

2. The no-load losses, which include friction, windage апа 
electrical losses incurred in running the generator on open 
circuit, together with all power required for exciters, pumps, 
and other auxiliaries. 

3. Standby losses of banking boilers or producers. 

4. The ratio of the actual ascertained fuel consumption under 
day by day working conditions to the theoretical consump- 
tion based upon test results applied to items 1, 2, and 3, 
which we will term the discrepancy factor. 


The steam and fuel consumption curves, shown in Fig. 1o, have 
been plotted from a number of published tests of stcam turbines 
and gas engines of different sizes. Тһе ordinates above the zero 
line represent the steam and fuel utilised for the actual gencration 
of electric power, whereas those below indicate the fuel required 
per hour to run the generators at full E.M.F. on open circuit. The 
former are approximately proportional to the units generated and 
are practically independent of the hours the plant is run, whereas the 
latter are approximately directly proportional to the hours the plant 
is run and are not appreciably affected by the units generated. It will 
be noted that the slope of the “consumption per unit generated " 
curves of steam turbines gradually decreases as the output of the plant 
is increased, whereas the corresponding curve of gas-driven generators is 
constant for all outputs. Various testson gas engincs of outputs ranging 
from 500 B.H.P. to 5,000 B.H.P. show that the actual consumption 
of fuel per unit generated exclusive of no-load losses is approximately 
I lb. per kilowatt-hour for any output from no load to full load.* 

The 6,000-k.w. steam turbine curve is plotted from the recently 
published tests of a 6,000-k.w. turbo-generator at Manchester. Тһе 
total steam consumption at full load was 95,000 lbs., or 159 Ibs. рег 
unit generated, exclusive of steam for exciters and auxiliaries. The 
characteristic of the steam consumption curve at lighter loads appears 
to indicate that the no-load consumption of the plant would be 
approximately 15,000 lbs. of steam per hour. Ме have therefore 
plotted the no-load consumption of 15,000 Ibs. below the zero line, 
and the balance of 80,000 above the zcro line, which gives a steam 


* Mr. Bibbins, Proceedings of the American Institution of Electrical Engineers, vol. 27, 
found on a recent test of a complete 400-k.w. gas engine and producer plant that the 
fuel consumption on full load was боо lbs., of which he estimated one-third. was 
utilised for auxiliaries and for other no-load losses, Тһе fuel consumed in generating 


6 2 : 
current was therefore БЕ 7 = 1 lb. per unit generated. 
со 
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consumption per actual unit generated of 13°4. То the no-load 
ordinates below the zero line, we have added the estimated steam 
consumption of exciters, air and circulating pumps, feed pumps and 
all other auxiliaries, which we have taken at 6 per cent. of thc total full- 
load steam consumption, and from this second curve we are able to 
ascertain the no-load losses of any size of plant. 

The corresponding curve, showing the no-load losses of gas engines 
with all auxiliaries, is also plotted below the zero line. 

Standby Losses.—' The losses, through radiation of heat from boilers 
and steam pipes, and by leakage of cold air through the brickwork of 
boilers, are a very heavy item in all steam-driven electric generating 
stations, as the conditions of load are generally such that the majority 
of the boilers are banked for many hours every day. 

Colonel Crompton found that the fuel required for banking a boiler 
at the Chelmsford Electric Light Works, rated at 4,200 165., amounted 
to 67 Ibs. per hour, or 16 lbs. of coal рег hour per 1,000 Ibs. of steam 
cvaporated.* 

Mr. Collings Bishop, of Newport, found that two boilers, each 
rated for an evaporation of 10,000 Ibs. per hour, require 224 Ibs. of coal 
per hour for banking == 11:2 lbs. of coal per hour per r,ooolbs. of steam.* 

As four 10,000-1Ь. boilers are required for cach 2,000-k.w. unit in 
connection with the steam turbine station on which we have based our 
calculations, the coal for banking these boilers will be at least 448 Ibs. 
per hour per plant unit. 

The fuel required for banking producers is only a small fraction of 
that required for banking boilers. The heat radiation from thc pro- 
ducer is also extremely small, because the annular space between the 
fire-brick lining and the outer casing constitutes опе of the best 
non-conductors of heat it is possible to obtain. 

The standby losses of the producers for the scheme under considera- 
tion are guaranteed not to exceed со Ibs. per hour per producer. 

Discrepancy Factor.—It is difficult for those who have not had 
actual experience in running a generating station to appreciate how 
impossible it is to keep this factor within reasonable limits. This is 
accounted for by variations in the quality of the ше! supplied, by fuel 
utilised in heating up cold boilers, by the gradual fouling of boiler 
tubes, condenser tubes, ctc., between cleaning periods, by errors of 
judgment as to the correct time for running up and shutting down | 
plant units, and other secmingly small details which in a well-managed 
station receive constant attention, but the effects of which cannot be 
entirely eliminated. 

For both the steam plant and the gas plant we have added 25 per 
cent. to the ascertained fucl consumption under test conditions to cover 
the above contingencies. 

Now, for a maximum demand of 8,000 k.w. a load factor of 24 per 
cent. and a distribution efficiency of 80 per cent., the units generated 
per annum will be 21,000,000. The curves in Fig. то show that for а 


* Dowson and Larter, “ Producer Gas,” 
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2,000-k.W. turbo-alternator the steam consumption per unit generated 
is 15/5 Ibs., OF, assuming an evaporation of 8 : 1, 1°94 Ibs. of coal. From 
the same curves we sce that the no-load losses for a plant of this size 


amount to 900 Ibs. per hour. 


n ——+ 


% 
q^ 7% 
L Г 

© - 

з 
Ж | 
Фе ә 
Г Ја, | 


4 
өсе 
ү 
м 
. Ма 
VL. 
Ay У 
MC: 
| 
| 
steam 


ч 
Е 
> 
e 

т 
2 
ЖҰ 
MS 

бу, 

Ж УЗ 

a 
NN 
| 
| 
~ Full load st 


К 
S 
t 
A 
9; 
46 
S200 
ES 
ax 
| 
| 


ester. 


coal 
E 
$ Г 
>”? 
Кир 
А 
№ 
EN 
о . 
m 
А 
| 
| 
| 
| 
| 
p Mancheste 


= 2 Yy - С 
amen) АШ! E 
£i dé LM 4 | a 
-5 2400-9 19200 eu Ж 1% CT | == 3! 
$ с/ж АМЕ | ы 
1800 14400L— S SY DK — Ра 
/, OKAS |i | 
У ДА | | 3 
NEN cm mE. 
ТЕГ: | 
4 | | | t 
600 4500 д” \ i =“ = ! 4 клы == 5! 
i Qutbput| in КМ hours generated. = 


z | 1200 1600 2000 299 2800 | 3200 5000 4000 4400 4800 5200 5000 6000 
SS} No №, aciby of plant in K Ws. ФІ 
LAH bad Бури че ча | Sa 

t ee ee ИИ 


FIG. 10. 


To determine the plant-unit-hours run and the boiler-hours banked, 
we have reproduced curve C Fig. 1, and have plotted in Fig. 11 the 
average hours the respective plant units would be required each day to 


deal with the given load curve. 


қ auxiliaries. 


24 ANDREWS AND PORTER: USE OF LARGE GAS [Feb. lith, 
It appears that the minimum total engine-hours would be 35 hours 


per day, or 12,800 hours per annum, and the banked boiler-hours would ^ 
be 45 hours per day or 16,800 hours per annum. 
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FIG. 11. 


The total annual coal consumption for the steam turbines will there- 
fore be as follows :— 


21,000,000 units at 1:94 Ibs. YT ... 18,170 tons. 
12,800 engine-hours at 900 lbs. ... ot 5,140 а 


16,800 banked boiler-hours at 448 lbs.... — 3,330  ,, 
26,640 ,, 
Discrepancy factor (1:25) .. 1°25 5 


Total ... 33,300 tons. 
= 3:55 lbs. per unit generated. 


Overall thermo-dynamic efficiency = 7:4 per cent.* 


* Since the above estimates were prepared, we have obtained actual fuel con- 
sumption results, taken over a considerable period, at a number of modern steam and 
gas installations, which we have embodied in the Table of Efficiencies, Appendix C. 
It will be noted that the actual mean thermal efficiency of the steam station returns 
is 0-7 per cent., or 10 per cent. less than our estimate based on the above theoretical 
conclusions, Whereas the actual gas installations show a mean efficiency of 1377 per 
cent., or io per cent. greater than our estimate. 
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For the gas station we see upon again referring to Fig. шо that 
the no-load losses of а 1,500-k.w. gas engine amount to 8оо Ibs. of 
coal per hour and the uscful output consumption to 1 Ib. per unit 
generated. 

Fig. 12 shows the minimum average engine-hours per day for the 
gas plant and the average hours per day the producers would be 
banked. It appears from this that the total engine-hours would be 
17,450 hours per annum, and banked producer-hours would be 35,000 
hours per annum. 


The total coal consumption for the gas plant will therefore be as 
follows :— 


21,000,000 units at 11b. coal  ... ... 9,360 tons 
17.450 engine-hours at 800 Ibs. ... e. 6,230 


35,000 banked produccr-hours at 50 Ibs. 792, 
16,372 , 
Discrepancy factor (1°25) as U25 


Total ... 20,465 tons. 
== 2°18 Ibs. per unit generatcd. 


Overall thermo-dynamic efficiency = 12 per cent.* 


It is estimated that approximately 71 per cent., or 14,580 tons, of the 
total coal consumption would be gasified in the ammonia producers, 
and would yield at least 586 tons of sulphate of ammonia. Estimating 
the value of this at £11 per ton, which is considerably less than its 
present market value, the sale of this by-product would yield £6,446 
per annum. 

One ton of sulphuric acid, costing 308. per ton, is required for each ton 
of sulphate of ammonia ; bags cost 55. per ton, and the cost of handling 
and packing the ammonia is estimated at 15. 6d. per (оп. The cost of acid, 
bags, and packing will therefore be £1,070, reducing the total amount 
to be credited on account of sale of sulphate of ammonia to £5,376. 

Oil, Waste, and Stores.—The cost of oil for the steam turbine plant is 
estimated at о'ооза. per kilowatt-hour generated. This figure, which, 
it is thought, is considerably below the average oil consumption in 
steam turbine generating stations, is based upon a figure given in 
Messrs. Parsons, Stoney, and Martin's paper on “ Steam Turbines.” 

The oil consumption for large gas-driven generators is stated, 
by different authorities, to be from o'2 to 0°37 gallons per 1,000 H.P.- 
hours, the average cost of the oil used being 15. 64. рег gallon. 


* Since the above estimates were prepared, we have obtained actual fuel соп- 
sumption results, taken over a considerable period, at a number of modern steam and 
gas installations, which we have embodied іп the Table of Etticiencies, Appendix С. 
It will be noted that the actual mean thermal etticiency of the steam station returns 
is 6-7 per cent., ог 10 per cent. less than our estimate based on the above theorctical 
conclusions, Whereas the actual gas installations show a mean efficiency of 1377 рег 
cent., or IO per cent. greater than our estimate, 
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Taking the higher figure, the oil consumption per plant unit will be 


0774 gallons per hour, ог ... phi £970 per annum. 
The cost of the oil for the auxiliary i 
plant is estimated at біш 200 ,, < 


£1,170 per annum. 


| | 
Maximum Demand 8000 KW. 
Load Factor 24%! 
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FIG. 12. 


Тһе cost of waste and engine-room stores is estimated at о`0024. 
per unit generated for both the steam plant and for the gas plant, thus 
bringing the total cost of oil, waste, and stores to £438 for the steam 
plant, or o'oosd. per unit, and to £1,345 for the gas plant, or о'01544. 
per unit.* 

Water.—Each steam unit requires 288 thousand gallons of cooting 
water per hour, of which it is estimated 3 per cent. will be evaporated 
from the cooling towers. The water evaporation will therefore be 8,640 
gallons per hour x 12,800 engine-hours ; 110,500 thousand gallons per 
annum at 6d. per thousand gallons — £2,760 per annum. 


* The cost of oil, waste, and stores for the gas-engine plant at the Seraing Works 
of Messrs John Cockrill & Co. is stated to be o'orad. per tinit generated, the output of 
this plant being 24,000,000 units per annum (see page 259, Mr. P. R. Allen's paper on 
the * Construction of Large Gas Engines," before the Manchester Association 
of Engineers). 


Digitized by Google 


1209.) ENGINES FOR GENERATING ELECTRIC POWER. 27 


The cooling water required for the gas engines is found to be about 
12 gallons per hour per kilowatt output ; each 1,500-k.w. plant will 
therefore require 18,000 gallons per hour. 

We have again assumed an evaporation of 3 per cent. 

The water evaporated from the engine cooling towers will thus be 
540 gallons per engine-hour X 17,450 engine-hours == 0,500 thousand 
gallons per annum. : 

The water consumption for the producers is estimated at 35,000 
gallons per day == 12,700 thousand gallons per annum. 

The total water for the gas plant will therefore be 22,200 thousand 
gallons at 64. per 1,000 = £555. 

Labour.—The labour charges are calculated upon the assumption 
that the following staff would be required for the respective schemes :— 


STEAM PLANT. 


Three charge engineers at £3 per weck ... 9 оо 
Tliree switchboard attendants at 30s. per 


week "s wee е ie. АТОО 
Four drivers at 355. рег Жеш iu e 7 бо 
Four assistant drivers or cleaners at 28s. 

per week ... s 55% ... 512 0 
Three firemen at 355. рег week TS өз UE OB 0 
* Nine boiler house and auxiliary plant 

hands at 30s. per week ... Bs ... I3 IO О 


Three men for unloading coal апа 
removing ashes at 28s. рег меск ... 4 4 o 


#49 го 
Total labour charges per annum, 42,550. 


Gas PLANT. 


d. 

Three charge engincers at £3 per weck 900 
Three switchboard attendants at 30s. per 

weck i е m 
Six drivers at 35s. per week: 
Five drivers at 30s. per week: 
Two cleaners at 28s. per week 
Three producer hands at 35s. per week ... 
Six producer hands at 28s. per week 
Seven ammonia recovery hands at 305. 


oui Ns О 
ыы м 
Со 

oo0o0000 


per week ... € ... IO IO о 

T wo men for unloading coal and гето TE 
ashes at 28s. per week  ... m .. 216 o 
ј61 бо 


Total labour charges per annum, £3,180. 


* Includes тег for cleaning boilers. 
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Maintenance and Repairs.—This is the most difficult item to estimate 
with any degree of accuracy for either the steam or gas plant. It is 
practically useless citing experience of existing stations, as the condi- 
tions in no two are alike. It 15, for instance, quite possible to quote cases 
where, either through faulty design or construction of the plant or from 
some other cause, gas engines have been a continual source of trouble, 
and it is equally possible to give numbers of cases wherc large gas- 
driven electric generators have been running for years with remarkably 
low charges for maintenance and repairs. 

The same may be said of steam-turbine installations. 

The better way to arrive at an approximate conclusion as to what 
should be allowed for this item is to consider what are the conditions in 
the respective cases which are liable to lead to trouble. 

Taking steam turbincs first, the principal risk appears to be that of 
the blades stripping. Whilst the large number of steam turbines that 
have now been running for some years without any serious trouble of 
this nature would appear to indicate that this risk is small, the fact must 
be faced that cases have occurred, even with turbines erected during the 
past twelve months, where heavy repair charges have been incurred 
by loosening and stripping of the turbine blades. 

With large gas engines the most serious risk is that of the fracture of 
the piston or of the cvlinder liners. "Troubles of this nature, whilst 
somewhat frequent in some of the earlier large gas engines, owing to 
makers not having had experience to enable them to so design these 
parts as to reduce the expansion and contraction under wide ranges of 
temperature to a minimum аге, however, fast disappearing. 

As far as the actual wcar and tear of the moving parts is concerned, 
this will probably be smaller in a gas engine than in a steam turbine. 
Practically the whole of the weight of the pistons and piston rods is 
carried on heavy side blocks external to the engine cylinder. The wear 
upon the cylinder liners is, therefore, extremely small, being only that 
due to the compression of the piston rings against the liners. 

It was thought at one time that the wear on the exhaust valves would 
be considerable, and in the carlv design of engines it was considered 
necessary to water cool these valves to prevent overheating of the valve 
faces. Messrs. Ehrhardt апа Sehmer сате to the conclusion some two 
ycars ago that the water cooling of exhaust valves was an unnecessary 
complication, and they have now entirely abandoned this practice for 
all sizes of engines.* 

Numbers of examples are recorded of large engines in Continental 
generating stations that have been running for twelve or eightcen 
months without being opened out. 

The repairs of gencrators would certainly be lower for a gas-driven 
plant than for a steam or turbine-driven plant. 

* At the recent Manchester. Electrical Exhibition an exhaust valve was exhibited 
that had been taken out of a 2,000-2.200 В.Н.Р. single-tandem Ehrhardt and 
Schmer gas engine which had been running for 466 12-hour shifts. The valve had not 


been re-ground during this time and appeared to be practically in as good condition as 
the day when it was put in. 
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One of the principal items in the maintenance of a steam station is 
that of the repairs of steam pipes, whereas the maintenance of pipe-work 
in connection with a gas station will obviously be extremely small. In 
the first place, the working pressure is only т in. ог 2 in. above atmo- 
spheric pressure. There is consequently no danger of joints leaking 
if the pipes areonce properly installed. Again, as no steam-pipe lagging 
is required for the gas pipes an appreciable item of expense in main- 
taining these is entirely eliminated. 

The principal liability of repairs to pipe-work appears to arise from 
the risk of the exhaust pipes being attacked by sulphuric acid if the 
water is allowed to mix with the exhaust gases and combine with the 
small percentage of sulphur in them. 

The cost of producer repairs appears to be a very small item, and 
will undoubtedly be only a fraction of the cost of repairs to high- 
pressure steam boilers. Тһе Power Gas Corporation estimate that 
the total cost of repairs to the entire producer plant, including thc 
ammonia recovery appliances, shown in Fig. 4, would not exceed оп 
the аусгаде £500 per annum over a period of a number of years. 

We are of opinion that the total cost of repairs for the 10,000-k.w. 
gas-driven station, including engines, generators, producers, all 
auxiliaries and buildings, would not exceed £4,000 per annum, or 
0'0464.* per unit generated. 

We have also estimated the repairs and maintenance of the steam 
plant at the same rate as the gas plant, though we believe that this is a 
lower figure than has yet been obtained in any steam station over a 
period of several усаг. 

Aniiqualion, Depreciation, апа Interest—As the use of large раз 
engines is so comparatively new in this country, some engincers may 
be inclined to think that the designs will be so altered during the next 
few years as to make it necessary to set aside a large amount to 
provide against antiquation. Those, however, who have visited many 
of the large gas-engine installations on the Continent will have been 
impressed by the great similarity in general design between all the 
engines that һауе been erected during the past three or four years. 
Several members of the party who recently visited the very fine gas 
installation at the Homecourt Iron and Steel Works were particularly 
impressed by the fact that they saw engines running side by side bear- 
ing various dates from 1904 to 1907. These engines appear to be 
identical in every respect, and they have been maintained in such 
excellent order that the earlier engines appear to be running in every 
way as satisfactorily as those of more recent date. The entire absence 
of vibration in connection with these engines (it has been found 
Possible to balance а penny on edge on the cylinder of a 2,000-H.P. 
engine running on load) would appear to indicate that in all probability 


these engines will be running as well twenty years hence as they are 
to-day. 


* Mr. Allen ín his paper previously referred to states that the total cost of repairs 
at the Cockrill Works amounted to 0`0234. per unit. 
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The correct amount to allow for interest and depreciation on electric 
generating machinery is a somewhat debatable point. It is usual in 
preparing estimates for industrial plants to allow то per cent., 
but Mr. Snell in his paper on * Cost of Electrical Power for Industrial 
Purposes " justifies the figurc of б} per cent. 

As 115 point Ваз а very important bearing on the comparison of 
steam and gas engine cost, we have in each case shown the compara- 
tive cost including these charges at 10 per cent. and alternatively at 
61 per cent. 

The total running costs of generating 21,000,000 units under the 
above conditions will, we estimate, be respectively as follows :— 


Gas. Steam. 
+ s. d. £ 5 4. 
Total cost of coal at 125. p 
ton - 12,280 о о 19,968 о о 
Less sale of sulphate of am- 
monia “ae A axe 5,376 о о 
Net cost of coal a T 6,904 о о 19,968 о о 
Oil, waste, and stores... € 1,45 О 0 438 о 0 
Water ... isa ius РРР 555 0 О 2,550 0 О 
Labour . сан за T 3180 0 о 2,590 о О 
Repairs .. és 4000 O O 4000 о о 
Interest апа depreciation at 
го per cent. on capital ... 17,687 о о 13,952 о о 
Total cost ... қ sx] 43371051 O0 6 | £43,498 о o | 
Total cost per unit... T 0'385d. 0'477d. 


Total cost, allowing 61 per 
cent. for interest and depre- 
ciation js 5 + | 2629046: 0: © £38,266 о o 


Total cost per unit... n 0'308d. 0'437d. 


The total cost (including 6} per cent. for interest and depreciation) 
of generating power by steam — 42 per cent. greater than the cost of 
generating power by gas. 

Effect of Price of Coal and Load Ғасіот.-Іп the particular case we 
have considered the conditions are more favourable to the use of gas 
engines than in many of the existing provincial municipal electric 
supply schemes in this country. There are at present only 15 public 
electric supply undertakings working at a load factor of over 24 per cent., 
though many more have load factors varying from 20 to 24 per cent. 
In many cases, too, a suitable coal can be obtained at less than 12s. per 
ton delivered at the works. We will therefore go to the opposite 
extreme, and consider the case of a generating station having the very 
poor load factor of 10 per cent., and able to obtain fuel at 8s. рег ton. 
We will also assume that the maximum output is only 4,000 k.w., and 
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that the use of sulphate of ammonia recovery plant for a portion of the 
producer plant as in the scheme previously considered is not justifiable. 
Under these conditions the saving in fuel effected by using gas engines 
is little more than sufficient to pay the то per cent. interest апа depre- 
ciation charges on the higher capital outlay of the gas plant. 
‚ И has been suggested that for such conditions a combined gas and 
steam plant might be used, the gas plant being utilised for the long- 
hour portion of the load curve and the steam plant with its lower 
capital charges for the peak load. 
The following table shows the estimated annual running costs with 

plants consisting respectively of— 

A. Five 1,000-k.w. steam turbo-generators. 

B. Seven 700-k.w. gas engines and generators. 

С. Four 1,000-k.w. steam turbo-generators and two 7oo-k.w. 

gas engines. 

Running cost, 4,000-k.w. plant; 10 per cent. load factor. 

Distribution efficiency, 80 per cent. 

Units generated, 43,800,000. 

Coal, 8s. per ton. 


Total cost, including in- | | 

terest and depreciation | 

at 64 рег cent. ... .. £13,037 £12,209 ! £12,608 
| 


It appcars, therefore, that for the above conditions and а 10 per 
cent. charge for interest and depreciation, there is nothing to choose 
between the different types of plant as far as running cost is concerned, 


TABLE I. 
A. B. C. 
Steam. Gas. Combined. 
| - 
| | 
| & & ГА 
Coal ... $us bee e | 3,916 | 2,073 2,791 
Oil and waste sis es | 95 | 297 248 
Water ae 2s ба | 710 | 100 170 
Гаһош ids n z | 2,400 2,500 | 2,745 
Repairs vid ids T 1,250 1,250 | 1,250 
Interest and depreciation | | | 
at то per cent. ... p | 7,452 | 9,578 | 8,639 
| £15,823 | £15,798 | £15,843 
Cost per unit generated ... | o'867d. · о%6064. | о:808а. | 
| 
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but with interest and sinking fund charges of 6] per cent. the combined 
station shows an overall economy of 3 per cent. over that of the steam 
plant and the all-gas plant an improved economy of 6 per cent. over the 
all-steam plant. 

We have calculated on the same basis as above the total running 
costs per unit generated, with coal at various prices, ranging from 
2s. 64. to 155. per ton, and with load factors of то, 15, and 24 рег 
cent. The resulting curves are shown in Figs. 13 and 14 respectively 
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—the former including 10 per cent. capital charges and the latter 
corresponding charges of 6} per cent. 

It will be seen that under no condition is it worth while, when put- 
ting down a new station, to instal a combination of steam and gas plant. 
With non-recovery plant and coal above a certain price, gas plant is 
more economical, and below that price, steam plant alone is more eco- 
nomical than either gas plant alone or combined steam and gas. 
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These remarks apply only to entirely new installations. There are, 
however, many existing installations equipped with comparatively 
inefficient plant, where a large economy would be effected by installing 
one or more gas engines, which would be used for the flat portion 
of the curve, the inefficient plant being retained for the peak load and 
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It will also be seen that if the size of the installation or the load 
factor permits of recovery plant being used, gas plant is more econo- 
mical than steam plant however low the price of coal.* 


* In an article which appeared in Electrical Engineering. October 24, 1907, and 
other papers, one of the authors expressed the opinion that with coal at ros. per ton 
steam turbines would prove more economical than gas engines for load factors below 
30 рег cent., and suggested that in certain cases a combined steam turbine and раз 
plant would prove more economical than either steam plant alone or gas plant alone 
It was, however, then assumed that the total capital cost of an entire раз installation 
would be 43 per cent. higher than that of a steam--ngine installation. On obtaining 
closer quotations for both steam and gas plants, it now appears that the capital cost 
of the latter should not exceed that of steam turbine plant by more than 27 per cent., 
and the difference is, therefore, insutlicient to justify any attempt to reduce the total 
capital charges by installing steam turbines to deal with the peak load. 


Мог. 48. 8 
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No attempt has been made in the foregoing paper to deal with the 
question of gas engine and producer design, as so many excellent 
papers have been written on this subject, notably :— 


I. Mr. Humphev's paper before the Institute of Civil Engineers. 

2. Mr. Rheinhardt’s paper before the Iron and Steel Institute. 

3. Mr. P. R. Allen's paper before the Manchester Association of 
Engineers. 


On the other hand, we believe that the question of the economics 
of the use of large gas engines for generating electric power has not 
previously been dealt with. 


Ibs. 


“------------:--- —- на? revolution =- – ——————— —_______» 


FiG. 15. 


We wish to take this opportunity of thanking the many friends, too 
numerous to mention individually, who have furnished us with particu- 
lars of both capital and running costs, and other information relating 
to both steam and gas plants, on which the estimates іп the paper 
have been based. 


APPENDIX A. 
The basis on which the cyclic irregularity curves, illustrated in 
Fig. 6, are constructed, is illustrated in Fig. 15; these particular curves 


being for a double-acting single-tandem engine. 
The size of unit taken is 750 B.H.P. for all types of engine. 
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Curve А represents the positive pressure in lbs. upon the crank pin 
due to the expansion of the gases throughout the explosion stroke. Аз 
the results are merely comparative, the connecting rod is assumed to be 
of infinite length in each case. B shows the negative pressure due 
to compressing the gases on the compression stroke. С is the back- 
pressure prior to opening the exhaust valve. D shows the negative and 
positive pressures due to the inertia of the moving parts. Е shows the 
negative pressure resulting from the external load or useful work of 
750 B.H.P. plus the engine friction. F is the resultant fluctuation of 
crank effort curve—the shaded area enclosed by this curve above the 
zero line represents the energy put into the flywheel, and the shaded 
area below the line represents the energy given out by the flywheel. 
The areas above and below the line obviously cancel out. G is the 
variation of angular velocity throughout the entire stroke. In the case 
of double-acting single or twin tandem engines the curves will be 
similar for every stroke, but for single-acting tandem or double-acting 
single-cylinder engines this will not be so. 

G is deduced from F by the following formula :— 


Fluctuation of energy =: дио. 


Where w, = normal angular velocity. 
q = percentage fluctuation of speed allowed. 
[ == moment of inertia of the flywheel. 


APPENDIX В. 


Brief particulars are given below of three gas-driven electric 
traction plants. 


I. JAMESTOWN AND WARREN STREET RaiLway, U.S.A. 
(This plant has been running since December, 1905.) 


Load. 
Four 35-ton inter-urban cars, mileage 8оо per diem. 
À number of street cars, mileage 2,381 per diem. 
Total ton-miles == 58,110 per diem. 


Power House Equipment. 
Two 500-В.Н.Р. Westinghouse horizontal tandem engines. 
Two 300-k.w. Westinghouse 25-сусіс alternators, 150 revs. per 
minute. 
Reserve plant: Three 275-Н.Р. vertical Struthers Wells, with 
belt-driven generators. 


Gas Consumplion. 
Natural gas, heat value approximately 1,000 B.Th.U. 
Gas consumption per car-mile — 26 cub. ft. 
Gas consumption per ton-mile = 1:46 cub. ft. 
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Oil Consumplion. 
0'000253 gallons (cylinder) per B.H.P.-hour. 
0'000345 gallons (engine) per B.H.P.-hour. 


Cooling Water. 
5°65 gallons per B.H.P.-hour. 
The operating staff consists of four men and one chief engineer, 
thc plant being in operation about twenty hours a day. 


During the six months preceding our visit the reserve plant had not 
been in requisition, except to take overloads due to snow. 
We understand that the repairs for the nine months preceding 
were :— 
Labour, staff only. 
Material, under 42. 


The variation in load is very considerable. 
At the time of our visit the following readings were taken at one- 
minute intervals :— 


Volts. Amperes, 
3620 500 
303'0 200 
358'0 1,350 
360'0 700 
359'5 I,000 


These engines are running perfectly in parallel. 

They are synchronised by the ordinary lamp method, and we аге 
informed that the entire operation of unloading, synchronising, and 
loading again has been repeatedly performed in 25 seconds. 

No hunting is observable on excessive loads. 

It is admitted that misfires occasionally occur, but no instance of 
clectrical trouble due to this has occurred.* 


2. MILWAUKEE NORTHERN RaiLway, U.S.A. 
(Plant started October, 1907.) 
Load. 
Inter-urban cars to carry 52 passengers at average spced of 
25 miles per hour, and street cars. 
Load varies from half-load to 50 рег cent. above full load. 
Hours of running : 19 to 20 hours per day. 


Power House Equipment. 
Three Allis-Chalmers twin-tandem 1,500-Н.Р. engines, coupled 
to 25-cycle 1,000-k.w. alternators. 
(The engines are capable of developing a maximum of 
2,000 В.Н.Р.) 
4,000- Н.Р. down-draught Loomis Pettibone gas producers, with 
а 25 per cent. overload capacity for 5 hours. 


* We arc indebted for some of the above figures to Mr. Bibbin's paper read before 
the Engineers’ Socicty of Western Pennsylvania. 
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Fuel used is slack of 11,500 B.Th.U. 

Gas formed has 125 B.Th.U. heat value. 

At the time of our visit the fuel consumption had not been 
authenticated. 

Oil Consumption per Day.—Journal, oil filter system ; cylinder, 
8 gallons per engine. 

The plant had been running for six months without a hitch. 


The following remarks, sent by the Company to the Gas Engine Com- 
mittee of the National Electric Light Association, are characteristic :— 


Continuity of Service.—'' Absolutely О.К.” 
Reliability —“ Absolutely O.K.” 


3. Возтом ELEVATED RatLway, U.S.A. 


(Plant started May, 1906.) 
Load.—Street cars. 
Power House Equipment.* 
Two 600-B.H.P. American Crossley engines. 
Two 350-k.w. direct-current generators. 
One pair of Loomis Pettibone gas producers using soft coal. 


TABLE II. 


PARTICULARS OF FUEL CONSUMPTION, TAKEN OVER SEVEN 
MONTHS, 1907. 


у 


Kilowatt-hours Total Lbs. Coal, Coal per | Enginc 


| 
| | Generated. | including Coke. Kilowatt-hour. | Load Factor. 
| | Lbs. Per Cent. 
[nnn i 204,080 | 391,223 1,017 | 842 
ebruary. | 175,200 364,817 2,081 | 86ro 
March ... 192,250 405,050 2,120 874 
April ... | 202,870 401,150 1,975 | 82:3 
May... 118,640 234,705 1,979 | 78-3 
June... 35,770 90,991 2,542 | 733 
July ; | ‚170 124,452 2,065 | 82'8 
— ———————— 
| Total... 988,980 2,012,388 Average Average | 


| 2034 | 833 


Water for all Purposes.—28 gallons per k.w.-hr., obtained free of 
cost. 

Oil.—0:000255 gallons (cylinder), о’оот gallons (engine), per k.w.-hr. 

Labour.—Elcven men, divided betwecn two shifts of 8 hours each. 


* A further installation has been lately put down, driven by two De La Vergne 
ing engines of similar capacity. 


88 ANDREWS AND PORTER: USE OF LARGE GAS [Feb. 11th, 


Comments of the Company sent to the National Electric Light 
Association Committee :— 


Reliability —“ Plant has proved absolutely reliable." 
Есопоту.--“ Makes saving of 41:5 per cent. in coal over steam." 
Troubles. | 
“Very few, practically none that affect operation." 
* Back-fire and pre-ignition practically eliminated.” 
Continuity of Service. 
* Has carried good loads and will continue to do so, if time 
given to clean producers." 
* Require considerably more time for inspection, etc., than 
would similar size steam engine." 


GERMAN Gas-DRIVEN INSTALLATIONS. 


The waste gases from a large number of blast furnaces in the 
Westphalia district have, for some years, been utilised for generating 
electric power for use in the iron and steel works and other industrial 
works in the neighbourhood. 

The output from one particular combination of this nature exceeds 
50,000,000 electric units per annum. А portion of this total output is 
generated by steam-driven gencrators and the remainder by gas-driven 
generators, the respective plants being located in different works and 
under entirely separate supervision. 

A keen competition has always existed between the engineers іп 
charge of the respective plants, there being a natural desire on the part 
of each to show the lowest total cost. 

A few months ago, a committee, consisting of steam and gas experts, 
was appointed to closely investigate the total cost of generating power 
under the respective systems. 

The steam plant tested consisted of one 8,250-H.P. (5,500-k.w.) 
turbo 3-phase alternator, and the gas plant of four 2,000-H.P. single- 
tandem gas engines directly coupled to 3-phase alternators. 

Each installation was debited with a charge of то per cent. on the 
total capital outlay involved to cover depreciation, in addition to 
interest charges. These extremely liberal fixed charges would obviously 
tend to favour the steam plant with its lower capital charges. 

The actual cost of labour, stores, and repairs was taken over a period 
of cighteen months. 

As the waste gases available were insufficient for the total power 
required, it was necessary to provide coal for the balance, and the value 
of the gas was therefore in each case taken as being equivalent to the 
cost of coal having a corresponding uscful heating value. 

The calorific value of the coal used was 11,800 B.Th.U. рег 1Ъ., and 
cost 115. per ton delivered in works. 

All instruments used for the tests were carefully calibrated, and 
every precaulion was taken to ensure accurate results. 


| (7) (А) 
| Ratio of 
| Current 
Price per Generated 

i Ton. | һу 
| Turbines 
‚ to Total. 
| Per Cent. 

| 8 64 nil 

7/118 24 
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The boilers for the steam plant were coal fired, and the coal used 
was carefully measured day by day for a period of one month. 

The gas consumption for the gas plant was measured by alternatcly 
filling and emptying the gasometers. The gas consumption tests were 
also continued over one month under all conditions of load. 

The average load factor throughout the test was 65 per cent. 

The Committee finally reported that they found the total cost, 
including all capital charges, of generating power by gas plant, under 
the above conditions, was 2:12 pfennigs (= 0'25d.) per unit, and by steam 
turbines 3:3 pfennigs (= 0'39d.) per unit—the cost of generating by 
steam being 56 per cent. greater than by gas. 

In view of this report the Board—whose only interest is to supply 
the greatest output at the lowest cost—have resolved to instal additional 
gas-driven generators, having an aggregate output of 35,000 Н.Р. 

We understand that a considerable portion of the above output is 
sold to a public electricity supply distributing company at 3:5 pfennigs 
(= 0:424.) per unit. 


NorEs ON TABLE III. 


(a) Inquiries were sent to all public electric supply undertakings 
in this country having an output exceeding 73 million units per 
annum. It was requested that in cases of undertakings having two or 
more stations running in parallel, results from the most modern and 
cfhcient plant should alone be given. Replies from (14) and (144) 
are examples of results from both the modern and efficient station 
and from the old and comparatively inefficient station of one under- 
taking. Тһе (144) results are not included in the mean result. 

(c) The units generated аге the total units supplied to the fecders. 
Current used for driving auxiliary plant in generating station, works, 
lighting, etc., is not included under this heading. 

(c) The load factor is calculated from— 


units supplied to feeders х 100 | 
maximum load on feeders x 8,760 


(f) The plant factor is calculated from— 


units supplied to feeders x 100 


plant hours run x capacity of plants 


(2) The fuel consumption is the total fuel used for all purposes. 

(Ж) The calorific value of the fucl is the engincer's estimate of the 
mean calorific value based on periodic calorimeter tests. 

(k) The inquiry respecting the ratio of current generated by tur- 
bines was originally inserted with a view to ascertaining what portion 
of the total current was generated by modern plant. It is somewhat 
surprising to find that many of the best results are shown by stations 
having little or no steam turbine plant. 


Мг. 
Woodhouse, 
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(m) The overall thermo-dynamic efficiency expresses the ratio of 
heat units in busbars to heat units in coal pile, or— 


341200 X100 | 
Ibs. of coal per unit x calorific value 


It is interesting to note that there is considerably less variation in 
the gas plant results than in the steam plant results, the latter varying 
between 3:96 per cent. and 03 per cent., a difference of 135 per cent. 
on the lower figure. The gas cfficiencies, on the other hand, range 
from 1274 per cent. to 15 рег cent., a difference of only 21 per cent. on 
the lower бриге. It is somewhat surprising that the difference should 
be so small when the very large difference in the output of the plants 
and the large difference in the load factors is taken into consideration. 

These results would appear to confirm statements that have bcen 
made to the effect that the gas consumption per unit generated is 
practically constant for any size of plant—that the standby losses are 


‘less, and the discrepancy factor considerably smaller and more constant 


than that of steam plants. 


DISCUSSION, 


Mr. W. В. WooDHOUSE : I am sure we have all listened to the 
authors’ paper with a very great deal of interest. It is the most 
determined attack that has been made on steam plant, and they have 
put an extremely strong case before us. During the last week I have 
had the pleasure of reading the paper, and I have gone into a great 
many points and compared them with the figures that one gets with 
steam plants, and I must say that, as the authors put it, it almost 
convinces one. But there are some few drawbacks, and I should like 
to say a few words about them. It seems to me that the whole question 
divides itself practically under five headings. First of all, what is the 
most efficient plant? I do not think any one will discuss that point ; 
we are all agreed that a gas engine is the right thing from the point 
of view of thermal efficiency, and we are all extremely sorry that we 
are wasting the nation's coal on steam engines. Тһе next point is, 
which is lower іп the first cost? I take it we are all agreed on that 
point. The third point is, which is the lower in running costs apart 
from fuel? Тһе authors in their comparison make the two about 
equal. That will bear considerable discussion. Тһе fourth point, 
which is as vital a point to the supply undertaking as anything else, is, 
which is the more reliable? Finally, in any particular case, one must 
consider, which is the proper type of plant to put in? Take the first 
point with regard to efficiency. They have given a comparison in 
Table III. of the results from a number of English stations, but those 
stations do not, as a matter of fact, include the station I am connected 
with ; and my neighbour, Mr. Gripper, tells me that there is another 
power station also missed out. Ав these two stations have got modern 
steam plant, I know the figures would have shown a very favourable 
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comparison with any of the steam figures given in Table III. With 
regard to the gas-plant efficiencies, one notices there is a case with 
a load factor of go per cent., which, of course, none of the steam 
stations has. I do not think that the authors want us to take that 
table too seriously, but they want us to take the figures of the 
comparative coal consumption given in the body of the paper—namelv, 
375 lbs. for steam as against 2:18 for gas. I will take those figures, 
but I do not know that I am prepared to agree to take 12s. a ton for 
coal, neither am I prepared to agree that where we are paving 125. 
a ton for coal for a producer, that we are necessarily going to рау it 
for a steam plant. The authors have not said a word about producers ; 
they have avoided the subject, except a general description of a 
bituminous producer. I think the by-product bituminous producer 


has been on the market for twenty years. We heard almost as much- 


of it, if not more of it, ten years ago than we do to-day, but we know 
from people who are using them that they are extremely difficult 
things to operate, and that the class of coal used has to be chosen very 
carcfully. A soft, tarry coal will give a lot of trouble. А coal with 
a low percentage of nitrogen is of no use for tlie by-products ; the 
caking coals, such as are mined in Durham and Yorkshire, are unsuit- 
able ; that is to say, a special class of coal must be bought for the 
producer, but апу coal on the market of the same thermal value can 
be used with steam boilers. Therefore it is fair in making the com- 
parison to take the cost of coal for steam raising at a lower price than 
for the producer. Тһе figure depends on the district. Тһе next point 
in the costs is that of water ; the figure of £2,550 a year is given as the 
cost of water for the steam plant. It seems to me, with all due respect 
to the authors, that the engineer who put the typical station down in 
that place was not doing the right thing. If the value of the water 
is capitalised at ten years' purchase, and the cost of the cooling towers 
is added, the capital value of that water supply is £32,400, which, in 
this well-watered country, would buy several suitable sites іп most 
of the industrial parts of England. Admittedly in several cases where 
one is tied down to an iron works, or a colliery, or the location has 
been fixed for other reasons, cooling towers may be necessary, but 
in taking a general case, I think we may fairly wipe that particular 
item of water out from both the bills of costs. I say wipe it out 
altogether, but perhaps I should not sav quite. I believe in a town 
one may come in conflict with the local authority on the subject of 
ammoniacal water ; I do not know whether it is necessary to put down 
plant to treat that. 

The by-product producer, the Mond {уре of producer, costs a great 
deal more and is a great deal more complicated than the non-recovery 
producer, but whichever type one uses the important point is not so 
much making gas as making clean gas. You have to put down 
scrubbers and washers and apparatus of all kinds to clean your gas 
from dust and from tar. One of the biggest difficulties, I take it, with 
the gas engine is the question of getting clean gas. If vou use a soft 


Mr. 
Woodhousc, 


Mr. 
Woodhouse, 
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coal with a high percentage of volatiles you get a quantity of tar into 
the cylinders, and you will have your cylinders going very rapidly. If 
you get dust or dirt through the cylinders and valves they will also go 
rapidly. So that we have to consider, in operating a gas plant, not 
only the producer, which is a comparatively simple thing, but all the 
auxiliaries, pumps and scrubbers, and filtering devices of all kinds. 
All those things have to be operated ; they all use power, and they 
occasion a considerable expenditure. I must disagree with the authors' 
estimate of boiler standby losses. We know well that a steam boiler 
will probably have as high an efficiency at half load as it has at full 
load. And boilers not only nced not be banked to the extent suggested, 
but may be forced when required. On the other hand, a producer will 
not stand forcing if one wishes to obtain a fair yield of ammonia. The 
point of capital cost arises in connection with the question of the size 
of units. The authors take a station of 8,000 k.w. Doubtless that is a 
fair-size station, but it is obvious that had they taken a station of 
20,000 k.w., or even one of double the figure they have given, 
16,000 k.w. instead of 8,000 k.w., then the comparison would have 
been more favourable to steam turbines. Тһе limiting size of a gas 
engine depends on the amount of power that can be put on to one 
crank, or rather it depends on the maximum diameter that you can 
give your cylinder. On a small scale, any one that uses motor-cars 
knows that with cylinders above 4 in. troubles begin above a certain 
size cylinder with a gas engine, and for the rcason that the volume 
goes up as the square of the diameter and the cooling surface only as 
the first power of the diameter, there is trouble. Тһе authors tell 
us that practically r,ooo H.P. per cylinder is the limit. I think it is 
quite the limit. We are recommended to put in engines of 1,800-k.w. 
capacity. We may take it that the authors consider that is the largest 
size they would venture to put in, as it is the one they are putting 
forward, but it is not the largest size of turbine. If the size of the 
station is doubled the number of gas sets is doubled, and the capital 
expenditure is doubled. If a turbine station is doubled the capital 
expenditure will not be increased by more than 50 or бо per cent., and 
that alters the comparison considerably. Тһе authors seem to me to 
be rather fond of small units. They suggest a lot of little gas engines 
and producers, and in the steam stations a lot of little turbines and 
boilers of 10,000 lbs. evaporative capacity. I do not think that one 
would put in a boiler of that size. There are 20 boilers recommended 
in this particular station, whereas one would put in 7 boilers of 
30,000 lbs. evaporative capacity, and would buy them for very much 
less than the authors could buy their little boilers. I do not think 
it is quite fair to suggest that the average engineer would put in an 
economiser to each boiler—20 little economisers and 20 little boilers, 
апа so on. The station would become extremely expensive to run, апа, 
worse than that, it would be а very sad waste of capital. Finally, with 
regard to the point of total costs, I do not agree that the authors should 
include such a big charge for water in the running expenses ; I do not 
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think the cooling towers should be necessary, and I would reduce their M 


estimated capital charges on the steam plant very considerably. I 
have done that, and have made a comparison on the particular load 
factor chosen. Taking that particular load factor, and taking that 
particular size station, I reduce the gas charges to 0°47 and the steam 
charges to 0°456d. per unit. I have only time to say one thing about 
this estimate: I disagree with their figures for repairs, and I have 
taken the liberty of assuming that the repairs on a gas plant will be 
just double those on a steam plant. 

Communicaled : Тһе estimate of capital cost of the steam plant I 
consider should be reduced to £105,000 by the omission of cooling 
towers, by lessened cost per kilowatt of turbines of larger size, and 
by a reduction in the cost of buildings. I consider that то per cent. is 
too little to allow for interest and depreciation, and have taken 12 per 
cent. Itisa sound commercial principle not to invest capital in a type 
of machine that only possesses advantages when сагпіпр a low rate of 
interest if there exists another type on which the net carnings герге- 
sent a higher rate at the same total costs. I estimate the total running 
costs as :— 


Costs in Pence per Unit. 


Gas. Steam. 
Fuel, net cost ... E m T s 0'079 0:228 
Repairs ... ^ iss one ... T O'IOO 0'050 
Wages and Stores sisi stes "s ove 0'051 0'034 
Interest, etc., at 12 per cent. ... ... T 0'240 0'144 


Total... ... ns €: a 0'470 0'456 


Or, to put this result in another form, if the net return on the capital 
expended is, in the case of the gas plant, 12 per cent., the return on 
the capital expended on steam plant will be over 13 per cent. 

It may be pointed out that the advantage of the gas station's 
efficiency increases with a higher load factor, but, on the other 
hand, И we considered a larger station the steam costs would be 
reduced in every part. Assuming, however, that the authors’ claim 
for reliability of gas engines is a just one, there is very little between 
the costs of the two types of plant, and large gas engines in the future 
must merit our most serious consideration. I do not think that the 
last word has been said in modern boiler-house practice, and I would 
be interested to have the authors' views on a combination of producers, 
gas-fired boilers, and steam turbines, 


r. 
Woodhouse. 


Mr. 
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Мг. В. А. Снаттоск: The subject of gas engines is particularly 
interesting to me just now, as I am at present engaged in drawing 
up a scheme for a big extension in the city I represent. I naturally 
have to look at all sides of the question, and I am getting figures for 
gas performances and comparing them with figures for steam. I 
think the authors have placed the subject very fairly before us. 
Several of their figures, as the last speaker has pointed out, are open 
to criticism, but I think the authors have done their best to make out a 
very good case for the gas engine. There is one point in connection 
with the over-load capacity of these gas engines and generators which 
the authors mention, and to which I should like to draw attention, 
namely, they say that a 1o per cent. overload can be obtained from 
the gas engines, and they compare that with a 33 per cent. overload 
for the steam plant. I think neither of those figures is suitable for 
the electrical side of the equipment—that is, the generator—becausce 
an electrical generator as generally installed now is reckoned to have 
an overload capacity of about 25 per cent. for a period of 2 hours, 
and that figure is governed by the temperature rise of the machine 
more than by anything else. If we only allow a ro per cent. overload 
capacity we are wasting (ће capacity of the generators to the extent of 
I5 per cent., while I think a 33 per cent. overload capacity would mean 
that generators considerably larger than is necessary would have to be 
put in. Ап overload of 25 per cent. is usual. The authors give an 
estimate of the repairs necessary on these gas engines and producers, 
which it is very difficult for us steam engineers to criticise. We сап 
only take that figure, and endeavour to find out if it is accurate in the 
best way we can. It seems to me that the figures given in comparison 
with the repairs to a steam plant are certainly on the light side. I 
should anticipate that the repairs on gas engines, with their much 
heavier internal strains and possibly greater wear and tear on the 
parts, would be greater. With regard to the figures for the pro- 
ducer plant, I take it that the repairs are all included in the figures 
given by the authors, but they do not definitely say that 15 50. Ав 
regards the capital cost of the plant, I understand that the cost of the 
gas engines is considerably heavier than the cost of the steam engines 
and turbines. Comparing the gas engine with an ordinary recipro- 
cating steam engine, I cannot see why the cost should be so much 
higher. The parts of the gas engine are quite simple. ОЁ course 
they are very heavy, because they have to stand much heavier initial 
strain, but looking at it as an engine I cannot see where the great 
extra cost should be necessary, and I can only anticipate that when 
the engines come more into general use, if they ever do so,the cost will 
go down approximately to the same level as the reciprocating steam 
engine. As regards the water consumption on the steam plant, I 
agree with the last speaker that the figure given is very high ; but in 
looking through the paper I notice that even that figure only includes 
the water that is lost in evaporation in the cooling towers. Мо mention 
is made of make-up water required in the boilers. I should like to 
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know if that is an oversight, or whether the makc-up water in the 
boilers is meant to be included in the figure given for water 
evaporated in the cooling towers. Тһе thermal ейсіспсу of the 
gas engine plant is certainly very much better than that of the steam 
plant. I have noticed, howcver, that in tbe average figure given of 
673 per cent. for all the steam stations, it is simply an arithmetical 
average of the figures in the last column. Many of those figures refer 
to stations in which the output is very much heavier than in the case 
of others, and I think it is only fair that the figures relating to the 
stations with heavier outputs should have more preponderance in that 
average in order to get a more accurate and comparative figure for the 
thermal efficiency. I recently had an opportunity of inspecting several 
of these large gas-engine stations at work on the Continent, and I was 
very much struck with the quiet running of the engines, their sim- 


plicity, and the ease with which they were handled. There is no 


doubt that thosc engines are perfectly satisfactory for parallel running 
with alternators. I saw on one system alone one station connected up 
with several others, up to a total capacity of about 50,000 H.P., running 
on one large network of high-tension cables. Some of these stations 
were steam and some were gas driven, and there seemed to be abso- 
lutely no trouble in running the engines together and giving a satis- 
factory supply. I also had an opportunity of examining one of the 
engines that had been in use for some years—I think about three 
years. И had been taken to pieces, and I had an opportunity of 
seeing the inside of the cylinders, the pistons, and the valves, They 
all appeared to be in perfect condition, and there did not seem to be 
any extraordinary wear about them ; in fact, not so much as in many 
steam engines. I think, considering that point, there is no doubt that 
the repairs of these engines should not be so very much heavier than 
the steam engines. Where I think it probable that the repairs will 
come out heavier will be in the producer plant. 

Mr. E. J. Fox: In the first place, with regard to capital cost the 
units suggested by the authors do not show the turbine up to its best 
advantage. To get the best results out of steam turbines, I think it is 
agrecd by those who have had experience with thcir running that we 
require to do two things: first, we require to “drive” the turbine as 
much as possible, and make use of it even over varying loads, that is, 
run it for 24 hours a day, 6 days a weck, if there are facilities for doing 
so ; and, secondly, that we must take advantage of the heavy overload 
capacity of which the turbine is capable, even to the extent of coupling 
to it an alternator capable of running between 50 and тоо per cent. 
overload continuously if necessary. I know the suggestion seems 
ridiculous at first sight, but at the same time it is the right thing to 
do. Take the case of Mr. Dickinson's station at Leeds; һе has 
installed two turbines primarily on the ground of capital cost. At the 
time his extensions were decided upon, there was practically no 
difference in steam consumption between the turbines offered and 
rcciprocaling engines already installed. On test there is scarcely any 
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difference between the two forms of prime mover, and yet the actual 
difference on running is represcnted by 200 tons of coal a week 
in favour of the turbines. Figures cannot account for that; as I have 
said, the guarantees are nominally the same. The turbine is, however, 
very much more flexible for meeting the varying conditions imposed 
by a lighting load, with the result in steam economy indicated 
above. A very similar result, though not quite so pronounced, has 
been obtained by Mr. Seabrook, at West Ham. The coal in that 
installation has come down practically 2 lbs. per Board of Trade unit 
sold during the last two years. It is not right to credit this economy 
solely to the economy of the turbine, but it is doubtless due to the 
greater flexibility with which the turbine adapts itself to the conditions, 
that is to say, will deal with the smallest and heaviest loads without the 
necessity of starting up further sets. For these reasons I should say 
that to deal with an output of 21 million units a year as proposed by 
the authors, five sets of 2,000 k.w. are more than necessary. For 
instance, at West Ham one set of this size generated during last year 
over 9 million units. I suggest for meeting the authors’ requirements, 
four sets of 2,500 k.w. cach, with alternators capable of giving an over- 
load of 50 to бо per cent. continuously if necessary. The extra capital 
cost for obtaining the heavy overloads is negligible ; the turbine costs 
no more, as the overloads are obtained on pass-valves ; the condensing 
plant costs no more for the reason that its size is proportioned to give 
the best results at the normal load ; at overloads the vacuum is allowed 
to fall; the alternator costs a little more, but negligible, when the 
increase is considered, on the price of the complete unit. In this way 
the £139,000 capital cost given by the authors is reduced to about 
$100,000 capital cost, and this is, I think, comparable with the 
£176,000 given for the gas plant. In comparing a steam-turbine and 
a gas-engine plant, the determining factor is largely capital cost, and 
consequently the relative capital outlay for steam-turbine and gas-engine 
plant requires carefully analysing, and it secms to me the figures given 
in the authors’ paper cannot be accepted without correction. 

With regard to the working costs, I will not quarrel with the figures 
given for coal consumption, for the reason that it is the one point on 
which the gas engine has advantages ; the comparative figures given 
for the item of “labour” for running steam and gas plant require 
modification. If we deduct the cost of labour sct aside in the case 
of the gas plant for working the auxiliary plant, i.e, the ammonia 
recovery plant, the actual cost of labour in the gas plant is given as 
within a few shillings of the cost of labour for the steam-turbine plant. 
It is inconceivable that the labour for running seven gas engines would 
be at all as small as the labour required for running four or, to accept 
the authors’ proposal, five turbines. With regard to the cost of 
repairs, I do not think the authors can mean it seriously when they 
suggest that the gas-engine repairs are nearly as light as those for 
steam turbines. 

I know that a good deal is said about the maintenance cost of 
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turbines being in excess of the cost of repairs of certain other forms 
of prime mover, but such statements are made at hazard, and I would 
like to give you some figures in this direction, based on facts. Taking 
an output of 200,000 H.P. of turbines at work, and spread over a period 
of four vears, the actual cost of maintenance and repairs for the turbine 
plant, that is for the turbines, alternators, and the condensing plants 
based on the normal rating of the plant, has been considerably less 
than 1s. per kilowatt per year. As a matter of fact, the actual cost of 
the repairs from the time that the plant has been set to work—over 
a period of four years—has been less than ба. per kilowatt per year. 
These figures represent the cost of repairs for the complete output of 
one firm, and consequently include the rough with the smooth, and 
give a true average. Isolated cases are useless for a comparison of this 
description. In the case of the authors’ station of 10,000 k.w., this 
would mean an annual bill for repairs of £500 on the 15. basis, and 
£250 on the 6d. basis. I think, thcrefore, the £4,000 given as repre- 
senting the cost of repairs for a steam turbine station is very excessive. 

The only other point I will mention is the question of interest and 
depreciation on the capital outlay. Ten per cent. is put forward by the 
authors as adequate, but surely it cannot be argued, taking 5 per cent. 
as interest on capital, that 5 per cent. is sufficient to cover depreciation 
on gas engines or steam turbines. In other words, if we were spending 
our own money, would we not consider that provision should be made 
to enable us to discard the plant after a period of, say, 10 years? 
Surely we would not expect either steam turbines or gas engines 
installed to-day to be sufficiently up-to-date for our purposes in 20 
vears time ? I certainly think, particularly іп the case of gas engines, 
that a depreciation of 5 per cent. is a very inadequate figure, and that 
it should be raised to 10 per cent., both for turbines and gas engines. 
It is probably one of the worst features of municipal trading in this 
country that the majority of our undertakings are filled with plant at 
the present time which is useless for commercial purposes, but which 
is still standing оп the books at fabulous sums ; in other words, it has 
never been adequately written off. I think in making a comparison 
between steam turbines, which is a prime mover essentially of cheap 
capital cost, and gas engines, a prime mover of essentially high capital 
cost, that this question of depreciation or “antiquation” should be 
considered on a proper businesslike basis, and if this is done the gas- 
engine scheme falls to the ground. 

Only one remark more. I think the most eloquent testimony 
against the adoption of large gas engines is the point that my friend 
Mr. Andrews has brought out, namely, that a small gas engine will 
work as economically as a large gas engine. 

Mr. P. R. ALLEN : The authors are much to be congratulated on 
having presented in a most impartial manner the relative merits of gas 
engines and steam turbines under the conditions that would probably 
be met with at the present day in a fair-sized central station, and it is 
very obvious that the preparation of the paper must have been a very 
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laborious business. From a purely technical point of view the paper 
calls for little comment, as the proposed lay-outs of both the steam and 
gas-driven stations аге on the latest lines, and are such as would no 
doubt be adopted by engineers familiar with the latest practice. И 
will be observed that in the gas-driven station the producer plant is 
adjacent to the power house. Where the ground available renders this 
possible this is no doubt desirable, but as in a gas-driven station there 
is no loss from condensation in the main steam pipes, the producer 
plant can be placed any reasonable distance away without appreciable 
transmission losses, and it may be often a convenience to be able to 
put the producer plant on one side of a railway or canal and the power 
house on thc other. Тһе authors propose to make one-half of the 
producer plant work with recovery, and the other half without. This 
proposition has been several times put forward by the Power Gas 
Corporation, but it is by no means certain that it would not pay to put 
in rather larger producers with the recovery plant all through, and to 
sacrifice a little ammonia during the periods the producers have to be 
overloaded. On a Mond plant the calorific value of the gas, with 
recovery and without recovery, will be with recovery about 140-145 
B.Th.U. per cubic foot lower value, and from 150-165 B.Th.U. 
without recovery. Ап 11 ft. 6 in. Mond producer will, working continu- 
ously, comfortably gasify 1 ton of slack per hour with a sulphate yield 
of at least 95 lbs. per ton of fucl, if the coal originally contained 
г per cent. nitrogen, so that if the producer were worked at its best 
load continuously it would give 1 ton of sulphate per day, and if the 
exigencies of working only allowed half the amount to be secured, 
even then the extra cost of the recovery plant would soon be covered ; 
moreover, a fairly large producer has a wide working range, that is to 
say, the fucl put through may be reduced from 24 tons per day to as low 
as 6 without very much lowering the value of the gas, and with 
certainly no detriment to thc ammonia yield, while, on the other hand, 
if the output has to be forced and the ammonia falls ой, the value of 
the gas somewhat increases. 

It is not quite clear from the drawings whether anything in the 
nature of a ring main for the gas is provided in the engine house. The 
safest arrangement in view of possible interruptions to the supply 
would be to divide the producers into two separate groups with distinct 
mains, oftering each engine an alternative source of supply. With a 
small installation of eight producers this might in some ways be 
inconvenient, but where the groups are larger this certainly ought to 
be done; and, indeed, one would be inclined to go further and 
arrange the blowers in two sections which could also be operated 
scparately. 

Although no specific mention is made of the fact, it is presumed 
that the spare blowers arc steam driven, or, anyhow, that steam-driven 
and electric-driven blowers are provided as alternatives. 

It must always be remembered that the essence of safely operat- 
ing a large gas plant depends upon the ability of being able to 
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ісер up a continuity of pressure іп the blower house even in the 
presence of a serious leak, and although water lutes are a necessity in 
a plant of this kind, they should be designed of ample depth, so that 
they will not prematurely blow in the event of having to increase the 
pressure in emergencies. 

It will be noticed that the authors provide for steam-driven exciters, 
but the blowers, air compressors for starting, and the lighting circuit 
of the station should also be capable of being driven by independent 
coal-fired boilers, particularly if separate groups of producers аге not 
provided. 

The steam from the small engines can be used for working the 
sulphate evaporating apparatus, and any surplus turned into the 
producers or used for heating the buildings in winter. 

The bulk of the extraneous low-pressure steam required for the 


producers would, of course, be produced by exhaust heated steam | 


boilers, which also act as effectual silencers to the gas engines. 

Beyond the alternative steam-driven plant already referred to there 
is absolutely no necessity for spare steam plant in the place, at least 
this is the writer's personal experience extending over 6 years with 
a 10,000-H.P. Mond recovery plant, and many large gas-driven stations 
can be seen in Germany which are absolutely without any reserve in 
the way of steam. 

The writer entirely agrees with the authors as to the size and 
speed of the engines recommended, be they either 4-cycle or 2-cycle. 
Engines running at from go to 100 revs. per minute seem to have 
found most favour on the Continent, and give singularly little 
trouble. 

'The Snow pump gas engines working in California give 5,400 H.P. 
with four cylinders, and some Korting engines are now being соп- 
structed in Germany intended to develop 2,200 H.P. ina single cylinder. 
А combination of these arranged twin tandem would producc 8,000 H.P., 
but the station would have to be a very large опе to justify this being 
adopted as the unit. 

From the gas-consumption point of view alone, perhaps the most 
economical arrangement is to have fair-sized units, say 3,000 H.P. cach, 
aud then one or two other smaller engines which are multiples and 
sub-multiples of the main unit, the smaller ones being put on and off 
as the load varies. The writer has found this very convenient in a 
continuous-current station, but it involves a good deal of switchboard 
attention, and on the whole the arrangement proposed by the authors 
would seem to meet the case both as to the size of the units and 
facilities for dealing with the various loads. 

As far as repairs and renewals are concerned, the writer has looked 
up some actual figures and finds that the change from steam to gas 
effected a saving of about £30 a week, that is to say, when the steam 
station was producing 25,000,000 units per annum the repairs and 
renewals for boilers, pipes, and auxiliaries came to £45 per week. The 
repairs to the producers, ammonia recovery plant, and auxiliaries are 
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now covered by £15 per week, an approximate saving of £1,500 per 
year. 

With regard to antiquation and depreciation of thc engines, there 
is no reason to believe that a large gas engine running at a moderate 
speed and coupled direct to a generator will depreciate more rapidly 
than a steam engine. 

The writer has had two 700-H.P. 2-cycle engines running for 
over six years, and the output is as good as the day they were started. 
The cylinders are fitted with liners, and when in course of years these 
liners get worn down they will be simply bored out and others fitted in 
their places. 

However, there is one point in connection with the gas-engine 
station that should be taken into account, and that is, the winding of 
the generators should be very thoroughly and carefully insulated, pre- 
ferably in a vacuum impregnating machine, as, whatever may be said 
to tne contrary, the atmosphere in a gas-driven station does have a 
deteriorating effect on the insulation. 

Coming now to the capital expenditure, the figures given of 
£1768 per kilowatt installed come out almost exactly the same as 
those arrived at from the examination of some very close tenders 
obtained by the writer last year for a 10,000-k.w. plant, and the design 
could have easily been modified to bring this down to £17, allowing a 
good margin for contingencies. 

With regard to the labour costs given on page 27, it is not very 
clear whether the authors assume two shifts or three shifts for the 
drivers and producer hands, and the writer is inclined to think from 
his own experience that some of these labour figures are rather under- 
estimated. No mention is made of any charges for supervision by a 
chemist, which is a very desirable thing to have. At Weston Point the 
whole of the producer recovery plant is worked under the supervision 
of a highly qualified chemist, and this installation is one out of two 
Mond plants where the highest ammonia recovery results are 
obtained. 

'The writer is not at liberty to give the actual cost of power at this 
installation, but the figures given by Mr. Highfield last year before the 
House of Lords Committec may be taken as a safe estimate of the 
cost of running an 8,000-k.w. plant continuously, and taking into account 
that the authors assume 12s. as being the price of coal, their estimated 
generating costs will be found to agree very closcly with actual 
installations where the cost of coal is lower and the yield of sulphate 
somewhat morc. 

The ovcrall thermo-dynamic efficiencies given in Table III. are very 
interesting, and the last paragraph of the paper calls attention to the 
fact that the gas consumption scems to vary directly with the output, 
independent of the capacity of the plant, and as a moderate-sized gas 
engine has the same efficiency as a very large one this is about what 
might be expected. 

A careful examination of Table III. serves to confirm the idea that a 


1900.] FOR GENERATING ELECTRIC POWER: DISCUSSION, 51 


gas-driven plant consumes only half the fuel of a steam-driven one to 
put the same current on the switchboard. 

It is for the accountant and actuary more than the mechanical 
engineer to determine exactly where this economy of fucl is supposed 
to be balanced by interest and depreciation апа considerations of 
capital outlay, although it must be admitted that the authors’ paper 
deals with these very points probably as exactly as they can be dealt 
with. Butthere is another aspect of the question which, as years go 
on, will inevitably force itself more and more before public notice, and 
that is how far any of us arc justified by any monetary consideration in 
putting down plant which will burn any more fuel than the irreducible 
minimum. 

Having once got a gas plant it will ре found to have the following 
advantages over steam :— 


First, a producer gas plant with ammonia recovery and efficient: 


gas engines will save nearly half the amount of fucl. 

Secondly, we get as a by-product a valuable fertiliser to return 
to the earth, the selling value of which at present reduces 
the price of coal by 2s. 6d. per ton. 

Thirdly, it helps to contribute to the maintenance of a smokc- 
less atmosphere ; and 

Lastly, we shall be doing our shivering descendants thc 
minimum of injustice. 


ADJOURNED DISCUSSION, FEBRUARY 25, 1000. 


Mr. Н.А. HUMPHREY: My experience with gas engines for driving 
dynamos dates back to twenty years ago, but it was fifteen years ago 
when I put to work the first gas engine for use with Mond раз. In 
those days no maker of dynamos could be found who would guarantee 
the running of one of their machines if direct coupled to a gas engine, 
and one firm, whose name is familiar to all of you, assured me that no 
generator could be built to withstand the repeated shock from the 
irregular working of a gas engine, and that the insulation must inevit- 
ably break down in course of time. However, when I came to erect 
the second engine for use with Mond gas, which was one of 150 H.P., 
I insisted on having a dynamo direct-coupled and taking the risk. The 
set ran оп an electrolytic plant in the same power house with steam 
sets, and not only proved more economical than the steam plant, but 
established a record for a non-stop run, having worked continuously 
day and night on an average load of approximately 100 Н.Р. for over 
180 days without a single stop. 

Later on I was responsible for the ordering of a 450-Н.Р. gas engine 
and another of 650-H.P. direct coupled to dynamos. These engines 
were the first of their size erected in this country. I am prepared to 
admit that in these carly days there were many troubles, and many 
problems had to be solved ; but the main fact stands out that, even with 
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the heavy repair bill of those days, the results favoured the gas engines, 
and they were able to hold their own against the steam plant. Since 
then I have been connected with the installation of a considerable 
number of large gas engines, and I soon found that, in order to be in 
touch with the latest developments, I had to pay an annual visit to 
Belgium and Germany. Although several names stand out prominently 
in connection with the development of large gas engines in this country, 
yet one has to confess that it was on the Continent that the really large 
раз engine of 1,000 Н.Р. and upwards was first made a success. 

In general terms I can endorse many of the statements made and 
the figures given by the authors of the present paper, but I pass on to 
one or two points which I think will be of special interest to electrical 
engincers. 

Dr. Roseuberg's paper, which preceded this, and also the present 
paper, have something to say about the cyclic irregularity of gas engines, 
but both are more or less content to state the irregularity as a percent- 
age variation of the normal speed. Now, electrical engineers will want 
to know a great deal more about this cyclical irregularity, which has 
formed the basis of the refusal of several station engineers to adopt gas 
engines, To show that the same flywheel is not suitable for different 
types of engines, as is done in Fig. 6 of the present paper, or that a fly- 
wheel suitably chosen for a given engine can bring the зреса variation 
of that engine down to 1/250, as is done in Fig. 15, is not sufficient. 
The electrical engincer wants to get familiar with the shape of the 
turning-moment curves, not only for full load but for part load, to see 
how these curves are atfected by the large inertia forces which come 
into play in gas engines, especially of the tandem type, and to have 
before him a number of cases of cvclic irregularity and angular devia- 
tion curves plotted for actual gas engines of various types fitted. with 
suitable flywheels. For certain more refined calculations it is also 
necessary to have some of these curves analysed into their harmonics. 

I have endeavoured to supply this information, and curves obtained 
from actual data and representing the latest practice are reproduced in 
Figs. А to G and Tables A and B. 

The stcam turbine rose into popular favour about the same time 
that the large gas engine was making a bid for inclusion in the power 
house, and in the race between these two forms of prime movers the 
victory has been chiefly with the steam turbine. Its low first cost, its 
clasticity, its freedom from cyclical irregularity, the ability to build it 
in large units, and, perhaps above all, its great simplicity, have accom- 
plished this result. Although an advocate of the use of gas engines, I 
admire the steam turbine immensely. It appeals to me as an engineer ; 
in fact, itis splendid. But what can we say about steam boilers and 
condensers? I certainly have not the same admiration for either of 
these. On scientific grounds I am forced to condemn both boiler and 
condenser, and, speaking to station engineers who have steam plant, I 
venture to suggest that they have a very good middle to their plant but 
two bad ends. Take the boilers for instance—they are wasteful at 
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normal load, their efficiency is nearer 7о per cent. than 8o, and how 
often it falls even below 70 per cent. ! When forced their efficiency 
is worse still, and when banked while they stand idle they continue to 
be sources of considerable waste. For all the valuable fuel which their 
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WEIGHT OF RECIPROCATING PARTS OF LARGE Gas ENGINES AND 
ACCELERATION PRESSURES DUE TO THE RECIPROCATING MASSES 
(THE ACCELERATION PRESSURES ARE THE MEAN OF THE VALUES 
AT THE TWO DEAD CENTRES), BASED ON PARTICULARS FURNISHED 
BY THE RESPECTIVE MAKERS. 
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voracious appetite demands they return you nothing in the way of by- 
products. The fact that thousands of tons of ammonia are destroyed 
every усаг in a single large boiler installation may not at the moment 
afford station engineers much concern, but the conservation of this 
ammonia is undoubtedly becoming a matter of ever increasing 
importance. 

The gas producer can beat the boiler at every point; it is more 
efficient, more scientific, more elastic in its working, more responsive 
to demands, and less wasteful when idle. It is simpler to work and 
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less dangerous, and requires less repairs. When an opportunity offers 
of working it in conjunction with an ammonia recoverv plant it yields 
an amount of sulphate of ammonia generally exceeding in value the 
total cost of the coal. One speaker from Yorkshire suggested that a 
gas producer would not stand an overload, but if one allows, as is done 
in practically all kinds of plant, a rather less commercial ейсіспсу 
on overload, then I know of no limit to the overload of a gas producer, 
except that in which so much air and steam are forced through that the 
dust and small pieces of coal are lifted out of the producer along 
with the gas. The same speaker suggested that the cost of suitable 
producer fuel ought to be taken higher than the cost of boiler fuel. 
My expcrience does not confirm this. As a consulting engineer I 
am not free to give figures from my clients’ plants, but I will take 
some figures just published by the South Staffordshire Mond Gas 
Company, and I find that the average cost of 28,952 tons of coal 
used in the producers was £10,216, including all dues, carriage, 
unloading, and all expense of depositing same into bunkers, which 
gives an average cost of бз. 94. per ton for all the kinds of coal 
purchased for the producers. The average heating value is ap- 
proximately 12,000 B.Th.U. per 1Ъ., and I am satisfied that this price 
is below that of suitable boiler coal having the same calorific valuc, 
and purchased in the same district. 

While speaking of the South Staffordshire plant, which started 
working nearly four ycars ago, I would like to point out that since the 
commencement of the supply of producer gas under pressure from the 
central station at Dudley Port, an absolutely continuous supply has 
been given. The pressure has been maintained in the distribution 
mains without any interruption, thus illustrating the absolute reliability 
of gas producers. Again, the gas is so easily and so well cleaned that 
no trouble whatever of any dirt collecting in the many miles of under- 
ground distribution pipes has been experienced, and no traces of any 
solid deposit have been found in them. 

Now turn for one moment to the condensers in connection with 
steam plants. We give every pound of the working medium in the 
boiler some 9oo B.Th.U. of latent heat, in order to throw them away 
again in the condenser in a form which constitutes a practical nuisance, 
and which demands much capital cost in cooling towers to get rid of it. 
Of course the diagram of the gas plant prepared by the authors shows 
that that also is not free from cooling towers. That is quite true, but to 
a less extent. Unfortunately there is no such thing as a perfect heat 
engine, but, instead of having a steam plant which rejects unutilised, in 
one way or another, 85 per cent. of the heat, it is better to have a gas 
plant which is capable of utilising more than twice the amount of heat 
from the same weight of fuel. 

The ideal station plant would be a combination of gas producers 
with a gas turbine, but, unfortunately, the advent of the gas turbine is 
looked upon as so remote that the authors do not even mention its 
possibility. 
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Thirteen years ago I studied the problem of gas turbines pretty мг. 
thoroughly, at the request of those who were prepared to spend a good Humphrey. 
deal of money on experiments if my report had been sufficiently 
encouraging. At that date I could not advise that even a moderate 
sum of money should be spent on experimental work. Тһе difficulties 
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Fic. C.—2,000-B.H.B. Double-acting Tandem Gas Engine (Deutz.). 


Curves A7 and AS in this Fig. are directly comparable with curve Ar in Fig. В, and show the effect of 
combining the full-load tangential pow of curve А (quality governing) with the reduced inertia 
forces obtained from curves 2 and й in Fig. А. 


were too great. Since then I have always been on the look-out for 
some fresh discovery which might come to the assistance of the gas 
turbine, and have once or twice had my hopes raised to a rather high 
pitch, but in the end they have always been disappointed. Still, I do 
not doubt that the problem will eventually be solved, and at thc 
present time I am making experiments which promisc a large measure 
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of success, although in a direction widely differing from anything 
previously contemplated. І have at work an apparatus which, by 
means of gis explosions, forces water into an air vessel, and so puts 
it under pressure. The water may flow through an ordinary water 
turbine and back to the apparatus to be used over and over again. 
I cannot call the apparatus an engine, for in reality it is a pump, 
but it fulfils all the cycles of a gas engine, and in a much more perfect 
manncr. It does not work on the Otto cycle, but expands its burnt 
products right down to atmosphere. Тһе gas explosions take place 
directly in contact with a column of water. This column of water 
constitutes the fly wheel, and all gearing between the working medium 
and the flywheel is therefore eliminated. There is no solid piston, 
no connecting rod, bearings, or solid fly wheel, no two-to-one gearing, 
no packing or stuffing box. Тһе explosion chamber is a perfectly 
plain vessel, without any water jacket, and there is no valve in the 
delivery pipe to the air vessel. The column of liquid, moving 
outwardly under the action of the explosion, draws in behind it fresh 
liquid and a fresh combustible charge, and the latter is compressed 
before ignition by the column of liquid which tends to return under 
the pressure from the air vessel. The four strokes of admission, 
compression, expansion, and exhaust, are all unequal as theory re- 
quires, and are all brought about and controlled by the inertia of 
the column of liquid alone. The apparatus is exceedingly simple 
and works with freedom from shock and noise, and a small apparatus 
of only a few horse-power has given a water horse-power-hour for 
2 lbs. of cheap bituminous coal. In larger plants I expect to 
greatly lower the coal consumption, and И I can accomplish this 
end I shall be far advanced on the road of producing the cheapest and 
simplest power plant in existence, and one that can be built in very 
large units. 

I will conclude my remarks with a reference to the use of large gas 
engines for driving alternators, by pointing out that it is a mistake for 
such purposes to demand that the gas engine should be very closcly 
governed. А specd variation of 6 per cent. between no load and full 
load is better for running alternators in parallel than a speed variation 
of only 2$ per cent. There should be no spring couplings of any sort 
between gas engines and alternators, I find that a rigid coupling is 
much the best and the safest. 

Мг. J. S. HiGHFIELD: I have had reason for the last eight years 
to look very carefully into the question of the use of gas engines for 
power plant. I am quite satisfied that the difficulties in running gas 
engines are at the present moment distinctly greater than the difficulties 
of running steam engines; and I should like to say incidentally that I 
btlieve the difficulties of running reciprocating engines to be at the 
present moment less than the ditficulties of running steam turbines, 
I think the reason for this is that there are very few men in the 
country, either workmen or more skilled engineers, familiar with the 
running of the plants; and I think in view of that fact, and also 
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DIMENSIONS OF ENGINE— 
Twin double-acting cylinders. Cranks at 90°. 
Main cylinders : Diameter, 600 mm. Stroke, 1,000 mm. 
Pump cylinders : Diameter, 650 mm. Stroke, 850 mm. 
Revs. per minute, 110. 


FLYWHEEL— 
Alternator rotor equivalent to 28 tons at 11:9 ft. diameter. 
G.D.2 = weight x diameter? = 3,057 ton-feet2 = 374,000 kg.-metres?. 


CALCULATION OF DEGREE OF IRREGULARITY — 
Notation— 
M = Difference between turning moment on crank and mean resisting torque in kg m. 
l = Moment of inertia of flywheel (mass x rad. of gyration?) in kjt.-metre sec.2, 
д ж Acceleration due to gravity = 9°81 metres sec.2, 
G.D.? = Moment of Hywheel in kg.-metre?. 
о = Angular velocity in rad.sec. 
t= Time in seconds. 
t) max, 77 (min. 


ò = Degree of irregularity = 
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TABLE OF FLYWHEEL WEIGHTS. 


| Mean Rim Speed. 75 Feet Sec. чо Feet Sec. | 
à .. .. ee ało або ato 4% або ats | 
G D.? (1.3 tons .. | 2,2500 | 27000 | 31450 | 2.2500 | 2,7000 | 3,4501 
D (ft .. x 4% 130 130 130 | 15:6 150 15:6 | 
D: 5 «s 5% 169'0 160 | 169'0 2440 2440 | 2440 | 
Rim weight О, tons.. 13'3 16:0 | 150 92 | по | 129 | 
| Total weight .. 2H 180 216 | 251 | 124 | 149 | 174 
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the fact that the manufacturers are still feeling their way with regard M 


to the design aud construction of gas engines, it would be a mistake 
to endeavour to apply gas engines Qn a very large scale to power- 
station use. At the same time, taking small stations, such as one or 
two put up by my friend Mr. Wigham, like Guernsey and Ryde, where 
the whole of the plant consists of gas engines, although admittedly the 
repair costs are higher than the costs of steam engines, the service 
given from those engines is entirely satisfactory. Г think, therefore, 
for supplying a lighting load in districts where coal is cheap it is absurd 
at the present day to speak of gas engines. I think if any engineer put 
in gas engines for such a load in such a district he would be taking 
quite unnecessary risks that are not worth taking. On the other hand, 
if a large supply is to be given for the purposes of running a chemical 
works, or any similar load where the plant has to be run at 80 per cent. 
load factor or more, then I think the gas engine must be considered. 
It is only necessary to see Mr. Allen's plant at Western Point to арргс- 
ciate that a gas-engine station can be run with bituminous coal worked 
іп a producer properly designed for its use. Mr. Allen has taken out 
the whole of his steam plant gradually—I am not quite sure whether һе 
told you this on the last occasion—and has replaced the whole of it with 
gas engines. The service is run in a satisfactory way, and in place of 
using 2} or 3 15. of coal, which would be necessary with a steam plant, 
he can run with roughly г”? lbs. of coal and get back approximately 7s. 
per ton for the by-products. Such a result appears to me to show con- 
clusively, especially having regard to the fact that the best efficiency 
we can get out of coal with steam engines is about ro per cent., that 
for long-hour work or for other requirements where the cost of coal is 
the dominating part of the cost of the supply, the gas engine will cer- 
tainly be used to an increasing extent, and it is absurd to imagine that 
the steam engine will never be superseded. I think for central-station 
work—and that is the matter I have had specially to consider—the gas 
engine must be used only in part in the first instance. I have had a great 
deal to do with the supply of electrical energy to London in one way 
or another ; I have had most of the figures before me, and if you take 
the London load as it exists to-day and divide into ten equal parts the 
total amount of plant necessary to run the whole load, you find that 
the plant necessary to run one-tenth of the whole of the London load 
turns out 40 per cent. of the whole output, and that half of the plant 
turns out approximately only 7 per cent. of the whole output. These 
figures and conditions, of course, apply approximately to any other 
town and its electrical supply. My own opinion is that the proper way 
to introduce the gas engine is not to put up a huge station to run ata 
moderate load factor, say 20 or 30 per cent., but to bring in a certain 
proportion of gas-driven plant and use that day and night for running 
as much of the load as possible, and gradually to alter the design of 
the steam plant so that it can be steamed up rather more quickly than 
at present, and as far as possible to reduce the stand-by losses. In that 
way I think the gas plant will be introduced, and I believe it must tend 


r. 
Highfield. 


Мт. 
Highfield. 


Mr. Sehmer. 


58 ANDREWS AND PORTER: USE OF GAS ENGINES  ([Feb. 25th, 


to great cconomies of generation. But I am sure it is most necessary to 
bear in mind at the present time that the difficulties of putting up a 
gas plant are that there are few men used to running it, and that all 
sorts of troubles will crop up in the early stages. There is no doubt 
that a certain amount of standby plant is necessary, preferably steam 
plant, to take the place of the gas engine when it fails and when it 
gives trouble in the first six months of its use. After that I think 
the difficulties will gradually disappear. Therefore I hope the gas 
engine advocates will be extremely careful to put them in only when 
they can show really good results and when they have a fair chance. 
In this way steady progress will be made in the use of a machine which 
enables the useful employment of a far greater percentage of the energy 
contained in the fuel than can ever be obtained by the steam engine. 
It is a very satisfactory thing that a large number of engines аге being 
built in this country both of the slow-speed and horizontal tvpes, 
used chiefly on the Continent, and that some makers have succeeded 
in turning out a satisfactory vertical engine of considerable horse-power, 
and also that our makers are ready to шесі the ever increasing demands 
for gas engines of various types. 

Mr. Е. С. SEHMER: I thank you, sir, very much for giving me the 
opportunity of taking part in this discussion. As the time is very 
limited, I must restrict myself to a few remarks about the paper and 
the discussion. First of all, there is one point that sevcral speakers in 
the discussion have referred to to which I should like to allude, and 
that is that the overload capacity of gas engines is about 10 to 12 per 
cent. I do not quite agree with them in that statement, because the 
gas engines that are built now give about то to 12 per cent. overload 
continuously, and can work about two hours with 20 per cent., and even 
more, overload. Тһеп there is the question of producers. We іп 
Germany have not very much experience with producer work, because 
we have so much blast-furnace gas and coke-oven gas at our disposal, 
and our fuel is rather high in price. But we have made tests, because 
we think the gas producer is coming in for gas-engine work. We have 
made tests with that kind of fuel which cannot be used under boilers, 
і.є., slaty refuse and coal dust mixed with water from the washing and 
screcning plants, and we have had very good results. For example, 
the gas from one producer which has been running with this mixture 
of partly coal dust and partly slaty refuse for twelve months has been 
examined, and has been found to give about 120 B.Th.U., and I should 
not hesitate to use it in the gas engine whenever it is wanted. Then 
there is the question of the price of fuel. Mr. Humphrey has already 
stated that the price of 12s. per ton for gas-producer coal is rather too 
high. From what I know of the producers working in this country 
I quite agree with him in regard to that. I know several plants where 
they use coal at just about half the price, which is giving very great 
satisfaction. One of our engines in this country 15 running on Mond 
gas from coal which cost about half that price—only about 6s. There 
is another statement with which I cannot entirely agree, and that is 
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that the capacity of gas engines per cylinder can only be 1,000 or 1,500 
H.P. We have built several engines with a capacity of 1,600 B.H.P. 
per cylinder, and I think twelve of these cylinders are running. We 
are now designing an engine which will give over 4,000 B.H.P. in two 
cylinders—that is, over 2,000 in one cylinder. The demand up to the 
present has not been for large engines, but with the increase of the 
Bessemer plants in Germany we have to face that question, and we 
are just designing an engine which will give above 8,000 H.P. with 
four cylinders for a Bessemer plant. Several remarks are made in the 
paper, and have been made in the course of the discussion, about 
the cost of repairs. I must say I do not quite sec why everybody 
should doubt the percentage given, which has been based upon in- 
formation carefully collected by the authors from firms using gas 
engines. I should be quite prepared to guarantee that the cost of 
repairs would not exceed, in a case like the one taken in the paper 
of a station of 10,000 k.w., £2,000 or £2,500, including all the repairs— 
everything—for the cleaning plant, generators, producers, and every- 
thing else. Then several of the speakers have mentioned that the 
price of gas engines is too high. "The gas-engine builders, of whom 
I unfortunately am onc, have spent an enormous amount of money in 
experimenting. Of course this must be brought back in some way, 
and considering the very small number of engines which have been 
built up to now, thc amount for each engine is rather high. But prices 
have come down very quickly already, and I am sure the time is not 
very far distant when the difference between the price of an ordinary 
steam engine and a gas engine will not be very considerable. There 
is one other point to which I should like to refer, namely, the capital 
cost, or the first cost, of the gas engines given by the authors. I think 
that price is rather high. I should certainly be quite prepared to take 
any amount of orders now at a considerably lower price. 

Professor В. THRELFALL: The authors have done their best to 
make a comparison between a turbine installation and а gas-engine 
installation. I should think it is absolutely impossible, even with the 
best intentions, to select conditions which would apply fairly to all 
places. One point that strikes me particularly is that we have heard 
nothing in the paper about the amount of ammonia that is to be got 
out of the coal. I have just roughly divided out the figures, and it 
looks to me as if something like до 106. of sulphate of ammonia is 
expected per ton of coal. I do not know how many places there are 
in England where that can be obtained if 12s. a ton is paid for coal. 
That is а point which I think makes it somewhat difficult to come to 
a decision. I daresay that for 12s. a ton coal can be obtained almost 
anywhere, but 125. a ton is an altogether outside figure. In an 
industrial district nobody dreams of paying that price for coal. If we 
come down to ordinary prices, the South Lancashire district is about 
the only place where to my knowledge it is possible to obtain go lbs. 
of sulphate of ammonia per ton of coal, because we must remember 
that it is not every kind of coal that will do in a producer. We talk 
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about using bituminous coal, but there are a great many bituminous 
coals that cannot be used, or can only be used in an admixture with 
other kinds of coal. If it is necessary specially to limit the coal so that 
the coking power is not too high, I think it will be found a very difficult 
matter, except in one particular district, to get a coal that will give 
90 lbs. of sulphate of ammonia per ton of coal at a price approximately 
near to that at which fuel in the district can be bought for use with 
boilers, and this is really the standard of comparison. That brings me 
to another point. I do not see in these estimates—it may be there, but 
it is not apparent—any proper allowance for the raising of the steam 
which is necessary to work the producer plant. Perhaps reliance is 
placed to а great extent on the regenerator boilers which take the heat 
from the gas engines. Where the plant is worked with a variable load, 
those engines that have just come on will not raise stcam at once 
because the boilers take some time to get hot, and the consequence is 
that we should have to raise some steam elsewhere ; but there is no 
provision made for that in these estimates. The matter is further com- 
plicated by the fact that less steam is required if the ammonia is not 
recovered. With regard to the item of repairs of engines, which has 
been referred to so often, some people have had a good experience, 
and others have had a bad experience. I think the sum put down in 
the paper is about the best that we can hope to ао. Coming to the 
producer plant, I see there is an allowance for repairs of 64. a ton. I 
think that is а good deal too low. "There is one other point I wish to 
rcfer to, namely, the reliability of the gas engine. Mr. Humphrey has 
told us about the phenomenal running of an engine at Winnington as 
far back as 1899 ог 1900. I have long felt that that was the most 
unfortunate thing that ever happened in the history of producer-gas 
cnginecring, It made everybody think that the gas engine was just as 
easy to drive as an old donkey steam engine, but this is not at all the 
case. И turned out afterwards that it was a totally exceptional thing, 
and not at all the rule, to be able to run gas engines in that manner. 
One word as to the present position of the gas engine. I think it is 
excellent. I think the makers have got everything right now ; one maker 
or another has made everything right, except that we always have the 
stuffing-box and the cylinder with us, and there is always the possibility 
of trouble with them. I put it tothe gas-engine makers whether it is not 
advisable to go to very much greater expense in the steel of which their 
piston rods are made. I spoke to Mr. Drawe about it this evening, and 
he did not agree with me, but I still think there may be something in 
the suggestion that makers should buy the highest possible grade of 
steel with the object of making the piston rod as thin as possible, 
so that the temperature of the outer surface may be reduced to the 
lowest possible point. The alternative to that is to reduce the com- 
pression in the engine. I think that hitherto we have aimed at too 
high compressions. If the compression is reduced in any way, the 
surface temperature of the piston is lowered, and that makes enormously 
for the comfort and ease of working of the engine. That brings me to the 
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only other point left, and that is the life of the cylinders of the engine. 
This is a question which it must be admitted is still in a state of 
uncertainty. Ido not know myself at the moment which 15 the best 
kind of cylinder to have, whether to have a cylinder made all in one 
piece or made in several pieces. What I do feel, however, is that any 
engineer who is going to run an outfit of gas engines will be well 
advised to say to himself when he starts, “І shall break a cylinder 
every three or four years.” I should say that three or four years would 
be a fair life for a cylinder under 95 per cent. load factor. I think that 
every vear a sufficient sum should be put aside to buy a new cylinder 
when the time comes, and not to have phenomenal costs one year, 
something in the neighbourhood of orod., jumping up the next усаг to 
040d. because the cylinders have gone wrong. 

Mr. |. Е. Dowson : I have been advocating the use of gas power 
for many years, and it is gratifying to see such an important paper 
before the Institution and to note the keenness with which it is being 
discussed. It was probably a revelation to several who were here on 
the last occasion to sce illustrations of so many large gas engines 
actually in use. Unfortunately there is rather a disappointing feature 
connected with those large engines, and that is that none of them were 
of British make. In this respect we are behind America and Germany, 
and I hope that the encouragement some electrical engineers are now 
giving to the subject will act as an impetus to our English gas-engine 
builders. Some of the leading makers I have spoken to on the 
subject have told me that they are prepared to supply engines of 
1000 B.H.P., but for the present they seem to prefer not going 
bevond this power. If, however, they can go to 1,000 H.P., so far 
as we can judge from what has been done elsewhere, there seems to 
be no reason why they should not go beyond that power. I hope, 
therefore, that what has been said and shown here will bring home to 
British makers that there is a real future for large gas engines, and that 
clectrical engineers are prepared to adopt them if they are proved to 
be suitable for their purpose. It should not be necessary to go to 
America or Germany for them. Reliability is, of course, essential for 
central-station work, but until larger units than 1,000 В.Н.Р. have been 
made and tried in this country for such work I venture to suggest that 
it will be more prudent to stop at r,ooo- H.P. units for the present and 
to have larger ones later. It should also be remembered that you can 
have gas plants without the recovery of ammonia. I am not against 
the recovery system—on the contrary, I have a high opinion of it— 
but the recovery plant involves a heavy capital outlay, and it 
occupies a larger ground space than can sometimes bc provided. 
With 1,000-H.P. units you could still use almost any kind of поп- 
caking bituminous coal, or you could use coke, and would get 
good economy in that way, compared with steam power, with con- 
siderably less outlay. I am glad the authors have brought to your 
notice prominently the question of standby losses. It really is ап 
important question, and it is a little strange that the loss during the 
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long standby hours in central stations should be taken so little account 
of. When I investigated this subject a short time ago I was surprised 
to find how little information about it was available. I corresponded 
with several епріпсегѕ, and some members of this Institution and 
others were good enough to make some tests for me, and I gather that 
the diagrams put forward in the paper are based on the results which 
I obtained. I hope that those who have charge of steam boilers and 
have opportunities of determining the fucl consumption when standing 
will give this matter their attention. [ do not quite agree with what 
Mr. Humphrey said about the low efficiency of a boiler. I have always 
understood that a well-worked boiler of good design has a heat efficiency 
of about 8o per cent. at about its full output, but its bad side comes out 
when it is standing. There is then a large quantity of brickwork and 
of water which loses heat, and this loss has to be made up again when 
steam is required. Compared with a steam boiler a gas producer for 
the same power is small, it contains no water, and its loss by radiation 
is not nearly so serious when standing with a fire in it. The standby 
loss with a producer is therefore much less than with a steam boiler. 

Mr. А. M. Таугок : With regard to Fig. то I think the authors are 
to be congratulated in bringing forward in such а neat and clear way 
the question of the true cost of the “additional” units and their 
connection with the no-load losses of the stcam engine. 

From the Willans Law diagram we know that a portion of the 
steam admitted to the engine may be considered as a constant loss, 
or nearly so, at all loads, while another portion is directly proportional 
tothe load. "This latter part corresponds, in a large turbine, to about 
14 lbs. of steam or 2 Ibs. of coal (10,000 B.Th.U.) per unit generated, 
whereas in stations employing such turbines the consumption is found 
to run up to as much as some 3 lbs. or 4 lbs. The difference can only 
be due to certain losses of a constant nature occurring in boilers, pipe- 
work, engines, and auxiliaries; for not more than some 5 per cent. 
excess can be fully accouuted for by likely departures, under average 
working conditions, from test conditions of steam pressure, superheat, 
or vacuum. 

Also, since the useful part of the stcam consumption is independent 
of the loading up of the sets, it follows that the cost of the “additional” 
units does not depend on the running plant load factor. It would, 
therefore, appear to be clear that we may assume that the true cost in 
coal of the “additional” or “make-up” units is at most about 272 Ibs. 
for large turbine units, and in the case of а 500-k.w. reciprocating 
engine, made by Allen of Bedford, I found from an examination of 
the test records that it was still as low as the equivalent of 24 lbs. 
of coal, or, say, 24 lbs., allowing for reasonable departure in ordinary 
working from test conditions. 

I wish to emphasise that in Fig. 11 the 2 hours’ daily duration of the 
6,000-k.w. load is an average over the whole year, and at certain 
periods this load will have a duration of two, or even three times that 
amount, Reverting now to Fig. 12, I would ask Mr. Andrews whether 
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he has considered the possibility of reducing the number, and increas- к 
aylor. 


ing the overload capacity of his units by combining them with batteries 
of accumulators, placed preferably in rotary converter or motor- 
converter sub-stations. Suppose, for instance, that he put down three 
gas-driven units, each of 2,000-k.w. capacity, and two battery units, 
each of the same capacity (see Fig. Н); and, for the sake of argument, 
let us work on the basis which Mr. Jenkin has suggested for spare 
plant. Then, with one gas set laid up for repairs and one set broken 
down, the load has to be taken up between the two battery units and 
the remaining gas engine for two hours. This would involve a 45 per 
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cent. overload on the two batteries and а ro per cent. оусгіоай оп the 
gasengine. If the batteries were put in for a 34-hour rating, they 
would do this overload for 2 hours, as required by Mr. Jenkin's pro- 
posal. The batteries and accessories would cost about £11 per 
kilowatt, as against some £14 for the gas plant plus £6 for fecders 
and rotaries = £20 total, and the saving in fixed charges would, as 
I have shown elsewhere, more than suffice to pay the maintenance and 
depreciation rate twice over. As regards coal, the arca dealt with by 
the battery in normal working would be that above the 4,000-k.w. line, 
or, say, some 3,600,000 units, out of a total of 21,000,000. Allowing for 
losses in batteries and auxiliaries, the supplying of these units would 
involve an extra 1,800,000 units, which, however, being mercly a 
"make-up" load, are only chargeable at the rate of “additional” 


Mr. 
Taylor. 


64 ANDREWS AND PORTER: USE OF GAS ENGINES [Feb. 25th, 


units and thercfore only account for some ооо tons of coal. This is 
turned into a gain of 9oo tons by the fact that the other 3,600,000 also 
become make-up units, and thus save 1,800 tons; a net gain of 
900 tons. 

The engine-hours could Ье reduced to some 9,500 as against 17,450, 
and the producer-hours from 35,000 to, say, 20,000 ; which two items 
would jointly account for a saving of some r,700 tons of coal per 
annum, allowing for the fact that the units are larger than those 
proposed by Mr. Andrews. 

Тһе псі saving on coal would therefore be some 2,600 tons per 
annum ; the capital saving would be some £36,000. In the case of a 
transformer sub-station distributing with alternating-current currents 
at high tensions, this would be reduced to £24,000; and the annual 
net saving on fixed charges alone (ex. interest) would, I estimate, be 
at least £8,000 per annum; the whole amounting оп а 24 per cent. 
load factor and with coal at 12s. per ton, to a saving of o'rod. per unit 
generated; or 25 per cent. off his estimate for gas plant. In the event 
of a sudden excess of load falling upon the gas engines, the value of 
the battery, as providing a means of immediately taking up that excess 
of load, without having to wait until another engine had been started 
up, would be very considerable, as it might save а possible breakdown 
of the remaining engines, if these, through the carelessness of an at- 
tendant, had been allowed to run too near their limit. It will also be 
granted that the battery would be very valuable as a means of enabling 
the engines and producers to run continually at their full load апа so 
at their highest efficiency, without fear of the overload being exceeded. 
Without the battery it would be necessary in many cases to run up a 
sccond set, entailing not only larger coal losses, but a larger staff in 
the engine-room. Mr. Andrews’ figure (No. 10) is, I think, especially 
valuable, as embodying in a simple graphical form data on numerous 
sizes of engines, and emphasising the low cost of the additional units 
required to load up a set. I am sorry, however, that he has not given 
us fuller particulars as to his Table I. and his Fig. 13 on pages 31, 32. 
His figures, which cannot readily be checked, appear to contain an 
error in the coal item. 

Communicated : In the case of such towns as Glasgow, Manchester, 
etc., where direct-current distribution is carried out from sub-stations . 
a couple of miles or so distant from the main station, the battery would 
preferably be placed at the sub-station, and would supply into the 
direct-current busbars through boosters. In this case each unit of 
steam, or gas, plant at the main station displaced by the battery is 
debitable with the cost of high-tension feeders (£3 per kilowatt, 
including spares), with high-tension switchgear at both ends (£1 5$. 
per kilowatt), with step-down transformers and rotary converters (£3 
per kilowatt, including spares), and with the difference in cost between 
the building required for generating plant and that for the cells and 
accessories (say, £3 per kilowatt); or a total of some £10 per kilowatt. 
Thus if the gas plant cost, say, £17 10s. per kilowatt, as estimated by 
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by Mr. Andrews, the total cost becomes £27 105. per kilowatt, as against 
a battery and accessories costing £11 per kilowatt. In the case of 
distribution with Н.Т. alternating currents, a special sub-station 
would have to be built at a good centre for H.T. distribution, and 
this sub-station could serve as a linking-up point for H.T. distributors. 
The batteries and rotaries would merely deliver alternating-current 
current to the sub-station Н.Т. busbars; but they would reduce the 
number of H.T. trunk feeders from the main station to that extent. 
Consequently, in this case, the generating plant can be debited with 
cost of high-tension feeders (£3 per kilowatt), and difference in cost 
between building for generating plant and that for batteries and 
rotaries (say £2 105. per kilowatt) or a total of £5 105. per kilowatt; 
which, added to £17 105., becomes £22 10s. per kilowatt, whereas the 
cost of batteries, step-down transformers, rotaries, and switchgear 
may be taken as £13 per kilowatt. 

The fixed charges with the battery scheme would, however, be 
increased Бу some 105. per kilowatt of M.D. per annum ; which must 
be deducted from the estimated saving of £2 per kilowatt given earlier, 
leaving ЖІ ros. as the net saving per kilowatt рег annum, exclusive 
of saving on interest charges on reduced capital. 

Mr. G. L. ADDENBROOKE : I have gone into this question of the use of 
gas engines on several occasions, and would direct attention to a matter 
at the other end from that with which most of the speakers have been 
dealing. There is the question of producers working with low loads 
which must be dealt with in the case of variable central-station loads. 
На producer is put in, it cannot usually be loaded up fully unless the 
plant is put into a central station where there is already a good load. 
There seems to be a difficulty in working with producers at less than 
half load. One producer must therefore be provided, whose capacity 
at half load is less than the smallest central-station load, and the 
working of the other producers must be also arranged so that they can 
be cut off below half load, which would seem to require a good аса! 
of manipulation. Another important point not dealt with by the 
authors, if gas is used in town installations, is the getting rid of the 
considerable amount of tar-water produced by the cleaning plant, as 
the authorities object to its being turned either into streams or drains. 

On the question of steam versus gas stations, I certainly think the 
authors’ figures are too high for the steam plant, and that they have 
postulated conditions rather against that plant. For instance, in most 
cases the stations would be selected with better water facilities than 
are allowed for, and the cost of turbines would also be smaller. On 
the other hand, I think we owe a debt of gratitude to them for their 
diagram of the losses in steam plant. That is a subject to which I 
have given a great deal of attention ; and, as one speaker has already 
mentioned, it is extraordinary how difficult it is to obtain any really 
erganised data on the subject. One can get any number of tests of 
ethciencies of boilers and turbines and so on at full and half load ; but 
when the whole is combined in a plant, such tests as are made зесіп to 
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be carried out in a promiscuous manner without any real attempt to 
get at the bottom of the losses in such a way that they can be effectually 
tabulated. I certainly think that this diagram is a step in the right 
direction. I do not quite agree with the way it is drawn, but it is a 
great point, I think, to take Willans Law as the basis of all work in 
finding out what the losses in a central station are. Тһе losses in 
steam pipes are almost fixed, and the losses in pumps are also very 
nearly fixed. There is the warming up of the turbines, and so on. 
Then, again, with regard to the turbines themselves, if we have no 
load tests of the turbines, which should always be taken, it is possible 
from the Willans Law to estimate the amount of steam which is used 
mercly to turn them round at any load. 

In dealing with the losses in central stations I always try to find 
what I call the * turning-round factor " as a basis, that is, the amount of 
coal needed to keep the central station going completely, as it is used 
in practice, but without including any external work, such as banking 
of boilers, etc. This with some care can be ascertained by tests on the 
various portions of the plant. Then if the coal expenditure at a fair 
load is also ascertained over a few hours, close approximation can be 
made of the coal per kilowatt needed for doing outside work, and this 
will be found a pretty constant factor over a wide range of loads. 
Such figures once obtained can be compared with the station records 
from time to time, and will be of great assistance in tracing undue 
losses and keeping down the amount of those that are inevitable. 

It is interesting to take out this “turning-round factor" for the 
steam and gas stations postulated by Messrs. Andrews and Porter. It is, 
on their figures, 11,100 tons for gas and 15,170 tons for the steam plant, 
but I consider that with care undoubtedly better results would be 
secured with the steam plant, so that probably as regards the amount 
of coal needed to keep both plants going, without doing external 
work (the steam plant also having a larger overload), there is not very 
much diíference, there being a much greater amount of engine 
friction and low-load losses in the case of the gas engines, nearly 
making up for the larger boiler loss from banking, etc., іп the case 
of steam. 

As I stated in the lectures which I delivered recently at the Royal 
Society of Arts, I certainly think there is room for at least 25 per cent. 
economy in modern central stations over the best steam practice of the 
day asit exists now, provided that losses in the plant can be thoroughly 
attended to and reduced by taking advantage of a number of possible 
refinements. Nevertheless, when all is said and donc, the gas engine 
is undoubtedly coming оп. There are places where coal is expensive, 
and where, with a fair backing from those who are financially respon- 
sible, I think an engineer would now be justified in trying gas engines 
in connection with a steam plant, where there is sufficient overload 
capacity in the turbines or engines to carry one over a breakdown. 

The real gain in the case of gas is in the extra thermal efficiency of 
the gas engine for the external work done, а point which is not disputable. 
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The authors postulate a gain by ammonia recovery of 9o lbs. per 
ton of coal used, but it is a fact that certain coals do not give half this. 
If a list of the leading classes of coal in the United Kingdom suitable 
for producer work were drawn up by producer makers, giving 
approximately the amount of ammonia recoverable from each, it 
would be of great assistance to engineers, as they would be better able 
to see how they were individually situated with regard to this. 

While on the subject of the ammonia recovery plant, is it altogether 
fair to assume that ammonia recovery is not a commercial possibility 
with a steam plant? It has for some time been my opinion that boiler 
practice could be greatly improved by burning the coalin producers and 
using the gases under the boilers. By designing the boilers properly 
for this, lagging them, and constructing them to take only the air needed 
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for combustion, the no-load losses would be greatly reduced, and from 


all information received very efficient combustion of the gas could be 
secured in the boiler—in fact, its output could be increascd—and even 
if the gas were cooled and the ammonia extracted, it does not seem that 
the quantity of coal used to produce a given amount of steam would be 
increased. Inthis case the difference in cost between gas and steam 
would be greatly reduced—in fact would nearly vanish in the authors’ 
figures for stations with ordinary load factors and with coal at 125. per 
ton. This is what is actually being done now in some of the waste 
heat stations operated by coke-oven gas after recovery of the by- 
products. I do not wish to say that there may not be an advantage in 
the usc of gas engines even in these circumstances, but to balance the 
pros and cons is, I cannot help thinking, at presenta more complicated 
question than the authors have assumed—in fact, one on which it is 
almost impossible to generalise effectively, as the balance turns on so 
many side issues that it is only in specified cases, where the conditions 
of recovery and coal supply are accurately obtainable, that a definite 
conclusion can be reached. The immense amount of work which is 
being done on internal combustion engines, especially in connection 
with the automobile industry, is, however, a factor which must in 
the long run tell. 

It may be of interest to mention that not long ago I went very 
carcfully into the capital and working costs of a gas plant for ordinary 
power work to give an output of about 1,500 k.w. with additional spare 
plant. After corresponding with makers and obtaining tenders, the 
capital cost came to about 33 per cent. more than that of a steam plant, 
including all buildings, foundations, and everything necessary to make 
each plant complete. The expenditure of coal on a 25 per cent. power 
factor came to about 3 15. per unit generated, including all standby 
and other losses, as against 4} lbs. for the steam station; and the gain in 
this respect with coal at 11s. per ton more than balanced a fair interest 
on the extra capital, though the margin was not so good as that in the 
paper. There was in this case no ammonia recovery plant. 

Mr. W. Н. Воотн ; It seems to me that our friends in Germany 
have taken up the question of gas engines in a much better way than 
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we have done. They have their fuel for nothing. They did not put 
up producers and go in for expensive plant—not that I object to 
that in any way—but since they got their fuel for nothing, in that 
way they were able to afford a few breakdowns with their gas 
engines. If a gas engine broke down, the free fuel helped to pay for 
the breakdown. I think we should have been wise had we kept 
the lead which we had over the Germans, and gone in early for the 
making of big gas engines in this country. И we look round the 
country at the big gas engines that are installed, we shall find they 
are mostly of German ог Belgian make. Every year we hear of some 
new foreign engine being put up in this country; the latest one is 
the Nuremberg, one of the best German gas engines. We are a long 
way behind now, and we still preserve the son possumus attitude. 
If wc go to Germany we shall find that there are several hundred 
thousand ћогзе-ромег of reliable gas engines working to-day, and yet 
we meet here and discuss whether a big gas engine can turn round 
or not! 

Communicated : Three years ago I stated before a Parliamentary 
Committee that there were no physical or mechanical reasons why 
gas engines should not be made as big as stcam engines, and there 
scems no good reason to claim 36 in. as the maximum practical 
diameter of cylinder. Some idea seems to be prevalent that a certain 
maximum cylinder diameter is rendered necessary by the exigencies 
of the water jacket. But the function of the jacket is not to gather 
heat from the burning charge, it is to maintain the inner surfaces 
cool. Тһе jackets do absorb heat, but this is an unfortunate incidental 
only. Тһе fire-side of boiler plates does not get much hotter than 
the water on the other side in spite of a fire of great mass. Can 
it be supposed that the small mass of hot gas in a cylinder will 
overheat a cylinder wall, which is after all only like a boiler 
plate? Yet this idea seems to be the basis of the objections to 
large cylinders. 

If it can be shown that larger masses of gas do give too high 
a terminal temperature and pressure owing to the reduced absorp- 
tion per unit of volume of gas of the cylinder wall, it would 
be possible to obtain present mean pressures from smaller charges 
of gas, and the larger engine may be more efficient. But, 
apart from such practical experience as is yet to be gained in 
the application of larger cylinders, there is surely no rational basis 
for the claim that the diameter of cylinder has now reached its 
limit. 

Mr. I. V. Ковіхѕох : I do not think the position of English gas- 
engine builders has been fairly and truly represented in the paper now 
before us. The authors state that a few small engines of 300 to 
500 В.Н.Р. have been running in Great Britain. In 1903, six years 
ago, the firm with which I am connected built engines of 800 Н.Р, 
which are still running, and they have since built а considerable 
number of larger engines, amongst which are ten of 1,000 Н.Р. or 
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over ; there is therefore no doubt that the English manufacturer can 
build large gas engines, and will do so as soon as the users of large 
engines will come forward and place their orders. Like Mr. Зећтег, 
I am ready to take any number of orders for engines of any size 


Mr. 
Robinson. 


Most of the points of general interest have already been dealt with, · 


but there are still one or two to which I should like to refer. With 
regard to speed varation, that is merely a mechanical question and 
can be settled without difficulty. То my mind what is more important 
than the speed variation curve is the curve that is deduced from it—viz., 
the curve of angular variation—which has not to exceed a certain 
maximum amount on either side of the position attained by a 
uniformly moving wheel. Mr. Humphrey's curves will probably give 
all information that will be required on that point. About twelve 
months ago I worked out, in connection with a paper read before 
another Institution on the regularity of large gas engines, the case of 
а twin-tandem double-acting engine having cylinders 18 in. diameter 
Бу 24-in. stroke, and running at 180 revs. per minute. This engine 
was fitted. with a flywheel so designed that the energy contained 
when running at its normal speed was equal to the energy contained 
in 30 explosive impulses. Іп this case the fywhcel only weighed some 
8 or то tons, which was comparatively small for an engine which 
indicated nearly 1,000 H.P. In spite of the small flywheel capacity the 
maximum angular variation was only о'07° on either side of the mean, 
whereas for driving 50-сусје alternators in parallel it would probably 
be permissible to increase this allowance to 07279. As regards the 
capital cost, I am sorry I cannot agree with the figures put forward by 
the authors, particularly with regard to the steam turbines. The firm 
with which I am connected manufacture steam turbines also, so that 
I know something about the capital cost of them. 1 would reduce the 
authors’ price from £13 195. per kilowatt to about £12 115. with 
cooling towers or £11 16s. without cooling towers. Тһе gas-engine 
Prices, I think, are correct; if anything they err on the high side. 
With these corrections the gas plant will cost 40 per cent. more 
than the steam plant with towers, or 5o per cent. more than the 
steam plant without towers ; and with these revised figures I think that 
the combination of gas engines and steam turbines іп one power 
station is the right thing. In many stations there is a minimum load 
throughout the twenty-four hours of 3,000 ог 4,000 Клу. In such 
à slation as that, a gas engine should be put in to take up the minimum 
lead throughout the twenty-four hours, and it will show an excellent 
return upon the capital invested. Then I wish to say a few words with 
regard to the repairs. Reference is made in the paper, and also in 
Mr. Allen's recent paper, to the works costs in John Cockrill's works at 
Seraing. In the year ending March, 1907, the Cockrill Company 
generated in their own works power station 24 million units. The 
plant has a total capacity of 8,400 H.P., and that output corresponded 
to a load factor of about 50 per cent. M. Greiner, the chicf engineer 
of that company, published the following information as to the works 


Мт. 
Robinson. 


Mr. Stewart. 


70 ANDREWS AND PORTER: USE OF GAS ENGINES . [Feb. 25th, 


costs in a *paper read before the Liége Society of Engineers іп 


March, 1907. 


Load Factor. 


Works Cost per Unit Generated. 


Per Cent. Pence. 
25 o'116 
50 0'0625 
75 00417 
ІОО 0'0313 


From these figures it will be noticed that the total aggregate works 
costs are practically the same at all outputs—that is to say, he has not 
allowed for any decreased amount of oil, repairs, or superintendence 
for the low load factors. Therefore if we are able to give the gas 
plant a higher load factor than the one the authors have taken for their 
example, the gas engine shows up to much greater advantage. Even 
with the low load factor of 24 per cent., making all the corrections as 
to capital cost, I still think the gas engine will show up more favourably 
than the steam turbine. On reference to M. Greiner's figures, I find 
that his total is o r16d. per unit for a 25 per cent. load factor as against 
the authors’ o'102d. Comparing the various items, I find the authors 
allow ооҙба. per unit for labour, including engine attendance and 
general superintendence, as against M. Greiner's o'o41d. For cleaning, 
repairs, and upkeep the authors allow 0'0524., as against M. Greiner's 
o'osrid.; thus showing, in my opinion, that the authors’ figure of 
£4000 a year for repairs is a fair one, and has already been carried 
out in practice. Гат afraid that the figure the authors give for oil is 
rather low according to the figures І ћаус—0'0154., as against M. 
Greiner's 0'023d. On the whole the authors’ figures require increasing 
by about ro per cent. for the works charges. These corrections bring 
the cost of the gas-engine unit to 0'39d., and by reducing the capital 
charges of the steam plant, the total cost of the electrical power is 
brought down to o'462d., as against 0:395d. So that, even with the 
low load factor of 24 per cent., the gas engine justifies its installation ; 
and if it is put in to deal with the minimum load, and you have a load 
factor of 80 or 9o per cent., there is no doubt whatever that the gas 
engine will be the right thing to put in, and I hope that we shall very 
soon sce many such engines installed. I would like to remind all 
engineers, in conclusion, that there is no need for them to go abroad 
for engines. 

Mr. V. B. SrEwaRT: I should like to point out to the authors 
that there is a discrepancy between the statement made on page 5, 
viz, “There is no material difference in the reliability or in the 
cost of labour and repairs of the respective systems," and the tables 
given on page 27. I think the figures given on page 27 for labour 
on the steam-turbo plant are too low, and should be brought up to 
their proper level, so as to agree with the first statement made by 
the authors. 

The total capital expenditure given by the authors for steam and 
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gas plants appears to me to be only relatively correct. In the dis- 
cussion several gentlemen, who have a large experience in turbine 
installations, have taken exception to the figure of £139,525, given 
as the cost of installing steam plant for the proposed station, as being 
too high ; and Mr. Fox thinks that £100,000 would more nearly repre- 
sent the capital expenditure for a modern steam-turbo plant of this 
size. I am perfectly certain that the estimate for the gas plant and 
engines can be reduced by an almost equal amount. For instance, 
the general arrangement shown on Fig. 4, though an excellent one, 
is extravagant ; and the ground area can be very much reduced both 
for producer and engine plant without in any way taking away from its 
efficiency. Scaling the diagram Fig. 4, I gather that the producers are 
placed at 24-ft. centres, whereas іп our plants 16-ft. centres have been 
found to give ample room for efficient working. Тһе figure of £98,000 
for seven 1,450-k.w. gas engines, generators, etc., etc., is also a high price, 
and I should be very satisfied if any one here to-night were to send me 
back to Glasgow with суеп a small order at a similar rate per kilowatt. 
But this would not affect the final comparative figures given by the 
authors, as the relative excess cost of gas plant to steam plant has bcen 
fairly and accurately stated. Тһе authors have erred on the safe side 
as regards oil consumption, and, from experience, I can say the lower 
figures are easily obtainable. I may mention in this connection that 
the average cost of the oil which we use is 11d. per gallon, and the 
consumption of oil for a year's running amounted to оз gallon per 
1,000 H.P.-hour, the cost being, therefore, 84 per cent. less than the 
Jower figure given by the authors. 

One other point, though a small one, to which I should like to refer 
is the arrangement shown in Fig. 9, whereby the same conveyor which 
takes coal to the bunkers is utilised for conveving the ashes from the 
grates of the producers. Asa matter of fact, this was an arrangement 
which we had on the first ammonia recovery plant which we installed, 
and I regret to say it proved a failure, as the upkeep on the conveyor 
was so high that, after a little over a year's working, we scrapped the 
ash portion. 

I now come to the paint in the practical running of large gas 
engines, on which I am afraid very few of us will exactly agree— 
viz., to what extent the gas should be cleaned before it is sent to 
the engines. There is no doubt that gas engines must have clean gas 
delivered to their working cylinders in order to get the best work, and 
there is good reason to believe that the principal cause of the early 
troubles experienced in this country with engines working on bitu- 
minous producer gas were caused by the gas being insufficiently clean ; 
but I am afraid there is a decided tendency at the present moment to 
exaggerate the degree of cleanliness required and the plant necessary 
to obtain it; in fact, prospective customers have in some cases 
abandoned the idea of gas engines owing to the rumours which 
they have heard regarding the expensive plant required to clean 
bituminous fuel-producer gas, and the space that it occupies. It is 
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Mr. Stewart. quite unnecessary to have the gas in such a clean state as is often 
described when people say, “the very last traces of tar should be 
removed," I am perfectly certain that if cotton wool or any other 
absorbent was placed 4 in. from the petcock of the supply pipes of any 
of our engines for ro minutes, it would become slightly discoloured ; 
but we have found no detrimental effect either to output or upkeep. 
So long, therefore, as the gas is what might be called reasonably clean, 
there should be nothing to fear. The plant for obtaining this reason- 
able cleanliness is cheap and compact, and entirely automatic, 
requiring the minimum of attention, and the tar recovery will pay 
for itself in the shape of fuel for raising steam or as an additional 
by-product. 

Regarding the cost of engine repairs, several speakers have ques- 
tioned the authors' allowance for repairs to the gas plant and engines. 
Now, in our steel works in Scotland, the plate-rolling mill is driven by 
a 1,500-Н.Р. 2-cycle gas engine, and the auxiliary plant connected with 
the mill is all driven by electricity, generated by a 500-Н.Р. gas engine. 
This engine has had no standby, and has worked continuously for 
exactly two years now, night and day. Тһе total number of hours' 
delay caused by mechanical or electrical stoppages has been under 
40 hours, 9 hours of this time being directly due to mechanical break- 
down; the remainder was electrical trouble. Оп the 1,500-Н.Р. 
engine, which has been working for a similar time, not an hour of 
rolling time has been lost. The repair bill for the 1,500-H.P. engine 
during twelve months’ continuous use, from January 1 to December 31, 
1908, including two half-yearly inspections, amounted to £119 9s. sd. 
The repair bill on the 500-H.P. clectrical generating set during the 
same twelve months, and inclusive of all the items previously men- 
tioned for the 1,500-H.P. engine, was £91 105. 6d. Тһе figure of £15 
per week, stated by Mr. Allen as being upkeep cost of his gas plant, is 
confirmed by our experience, and I think the authors considerably 
overestimated the total cost of repairs and overhaul. 

With regard to the limit of size of a single-cylinder unit, Messrs. 
Andrews and Porter place this at 1,500 H.P., and another gentleman 
appears to fear trouble from any engine capable of giving a greater 
output than r,coo Н.Р. Asa matter of fact, we have experienced по 
greater trouble with a cylinder 458 in. diameter on the 1,500-H.P. 
engine already referred to than with those of 24} in. diameter, which 
is the smallest cvlinder we have made. This is, however, undoubtedly 
due to the exceptionally simple form of the cylinder and combustion 
chamber in the engines referred to. I therefore sce no objection 
whatever to gas engines being manufactured in larger units than 
the maximum stated in the paper. 

With regard to the fear that the acid present in the exhaust gases 
will quickly deteriorate the exhaust piping, the first gas engine was 
started in our works six years ago, and still has its original piping 
in almost as good condition as when it was put in, although water 
has been continuously sprayed on the exhaust to deaden the sound 
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—our works being situated in a residential district. The introduction 
of exhaust-heated boilers aids most effectuallv in silencing, and it is 
no longer necessary to use a water spray. I think, therefore, there 
песа be no fears in future in regard to the life of gas-engine exhaust 
piping. 

Several speakers have expressed disapproval of the figure given by 
the authors as the price of their fuel, but I think that this figure entirely 
depends on local conditions. At the present moment we are paying 
75. 144. рег ton for fuel, delivered at our works, for our ammonia 
recovery gas plants, and our average yearly yield of sulphate of 
ammonia works out at 84 lbs. per ton of fucl. There is also, I think, 
a mistaken impression that for ammonia recovery gas plants one is 
very much tied down in the choice of fuel. This is not quite the 
case, as we have at our works ammonia recovery plants aggregating 
100,000 H.P., and during the coal famine in the West of Scotland 
fifteen months ago these plants were compelled to work on almost any 
fuel that the pits were pleased to send us. Of course, the proportion 
of recoverable by-product was less, but otherwise the plant worked 
almost as easily as with a better grade of coal. 

There is also an impression among engineers that while gas engines 
are being successfully operated on the Continent with blast furnace or 
coke oven gases, they are not so reliable when run on producer gas. 
When I state thatin our experience we have built a total of 16,000 В.Н.Р. 
of engines in this country, which are now running solely on bituminous 
fuel producer gas, and range in power from доо up to 2,000 В.Н.Р., 
this apprehension will be seen to be without foundation, and I should 
like to impress upon the meeting the fact that during the last six or 
seven years the makers of large gas engincs in this country have been 
experimenting and gathering information which the Continental gas 
engine makers have had little opportunity of obtaining. The reason 
of this, of course, is that the conditions in this country and those in 
Germany are so entirely different. Nearly all the gas engines in 
Germany have been laid down in connection with large blast furnace 
works. In this country, however, gas engines have generally bcen 
laid down at steel works, very few of which have blast furnaces work- 
ing in direct connection with them. It has, therefore, become essential 
to lay down a producer plant, and while all credit is due to German 
manufacturers for their early enterprise and experimental work with 
internal combustion engines, we in this country had not merely to pick 
up and continue the threads of Continental experience, but to face an 
entirely new problem, and we are now prepared to build as large gas 
engines as any we might see on the Continent. 

Finally, in designing a gas-engine station the daily curve and not 
the average yearly curve should be taken into account for settling on 
the size of unit to be installed, and in this connection the question of 
utilising accumulators, either in the central station or in sub-stations, is 
worthy of сагећи examination. By taking the peak with accumulators, 
which will enable the gas plantto Бе run at its most economical load.— 
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viz., 0°75 to full load—a considerable saving may be effected, as shown 
by Mr. Taylor. 

Мг. WALTER DixoN : In assuming a station of the power and work. 
ing conditions decided upon, the authors have taken the only course 
possible for illustrating a basis of comparison. Had the power con- 
cerned been larger or smaller, or other basis conditions been taken, 
they would probably have been subjected to the same criticism, that 
the complete set of figures could not have been applied to any 
existing conditions. 

The early days of gas engines have been mentioned, and some 
slight regret expressed that the development of large gas engines had 
not fallen to this country. But though credit may be due to Germany 
for the development, yet when the conditions which called for these 
large gas engines are considered, it reflects no discredit whatever upon 
British engineers that they have allowed the Germans to go forward. 
It must not be forgotten that it was first demonstrated in this country 
that a gas engine could be run, and electricity generated satisfactorily 
from blast furnace gases, and I remember with pleasure my association 
with the late Mr. B. H. Thwaite in the carrying out of this first 
experiment, the credit of which was entirely due to this country. 

It is not only, however, in regard to gas engines that the authors' 
remarks are of importance, but also from thc combination of producer 
gas plants with ammonia recovery. Whatever might be said as to the 
economy of working a gas-engine station with ordinary producers, the 
economical conditions become more pronounced when an ammonia 
recovery plant is embodied if suitable working conditions can be 
obtained. It is in the securing of such working bases and conditions 
that the co-operation of the station engineer and the makers of the 
machinery will attain the best results. Some of the speakers appear 
unfamiliar with the results obtainable in ammonia recovery plants. 
Outside the British Isles there are perhaps only three or four such 
ammonia recovery plants as are now under discussion, this type of 
plant being essentially a British development. Although until recently 
their advance has not been rapid, there have been erected and set to work 
in this country during the past few years producer gas plants of about 
150,000 H.P., about five-sixths of which have been constructed by the Gas 
Power and By-Products Company, Ltd., of Glasgow, with which I am 
connected, and whose gas is not Mond gas. These plants were not 
primarily installed for the generation of power in gas engines. Not- 
withstanding this, I find, on looking into the matter, that engines 
aggregating a total of 9,800 Н.Р. are continually being run from these 
plants, and that the value of the by-products recovered from the coal 
used exceeded in all cases—sometimes by nearly 20 per cent.—the original 
cost of the coal gasified, and, under certain conditions, where the plant 
was of an economical size, and with a suitable load factor, it may be 
taken for granted by the station engineers in this country that а gas 
plant working with an ammonia recovery plant will pay the cost of 
its own fuel and this expense be eliminated, 
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As to what proportion of load should be taken up by gas engines, 
with or without ammonia recovery plant, this has been discussed, and 
opposite opinions have been expressed. I have carefully considered 
the matter with the knowledge before me, and, in my opinion, the 
electric generating stations of the future will consist of gas engine and 
ammonia recovery plant to deal with the whole of the station constant 
load, which will be generated, so far as the fuel cost is concerned, for 
nothing. Whether the peak and other loads will be taken by accumu- 
lators, gas engines, or turbine plant, will depend on local conditions, 
such as relative capital expenditure, cost of available ground, size of 
station, cost and quality of coal, and relative economy of working. 
Each of these items has to be considered in turn, and may change the 
advantage from one tvpe of plant to another. 

Mr. Н. W. Нахрсоск: While it is impossible to generalise as between 
steam and gas, I feel that the authors are fully justitied in having 
brought this subject forward with so much confidence. There is one 
point on which they have not touched, probably because the paper 
relates entirely to large gas engines, and that is that, as the size of engine 
decreases, the capital cost per kilowatt remains much the same with gas, 
whereas with steam engines it increases. In these same circumstances 
also, the consumption per horse-power-hour does not very materially 
increase with a gas engine, although it does with a steam engine. To 
mention a figure arrived at in actual practice, we found that at one 
of our own stations, with an output of less than 150 k.w. on a purely 
lighting load giving a very bad load factor, the cost of fuel, using coke 
at an average price of 16s. per ton, is as low as 0'254. per unit sent out, 
and the cost of oil and petty stores 0°036d. We shall have to go a long 
way before we find steam plant that can anywhere approach economy 
like that. Another point that may be emphasised with advantage is 
the very great value of gas power for industrial works which have long 
working hours in districts where fuel is fairly expensive. Taking, for 
argument's sake, a works with an output of 750 k.w., running 140 hours 
а week, 50 weeks to the year, with coal at 12s. a ton, and comparing 
average steam turbine figures with gas figures, we find that the total 
annual saving in favour of gas at the end of the year is something like 
£2,200, ог £3 per kilowatt, which, translated into dividends to the 
shareholders, means a very respectable dividend on a capital of some 
£40,000. It therefore follows that there is every incentive, with long 
hours of running and fairly expensive fuel, to use gas power, provided 
it is fairly reliable, and that the cost of repairs is low. Іп that connec- 
tion I would limit myself to a few main points, as time is short. In 
the first place, an engine should be underloaded rather than over- 
loaded—i.e., it should have a large reserve of power. The initial com- 
pression should not be overdone, especially if there is much hydrogen 
present. The scrubbers should be frequently cleaned, sincethe engine 
is intended to work as a gas engine and not to become a receptacle 
for tar. Producer gas practice should not be based on practice with 
blast furnace gas. The quality of the gas must be kept even. A 
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well-designed engine, if these rules are observed, will give reliable 
running with few repairs, and great economy, when coal is dear, as 
compared with steam. 

M. P. v. MIASKOWSKI (communicated): I have had during the last 
few years charge of about fifty large gas engines, ranging from боо to 
3,200 B.H.P., and Iam in the possession of actual figures which my 
firm has gained from the experience of some of the 247 double-acting 
engines which were built or ordered during tbe last six years. 

The authors remark that it is difficult to give an exact figure for the 
amount of costs for upkeep and repairs, as one plant may be good and 
give no trouble at all, while another plant may cause continual diffi- 
culties. I quite agree with this, but think it is only the result of more 
or less careful attendance. "They alsó estimate that the total costs of 
repairs of the whole gas plant will not exceed £4,000. Тһе costs of 
upkeep for the gas producer and ammonia plant are estimated at 4500, 
those for the buildings and auxiliaries are very small—say £300—so that 
for the upkeep of the gas engines and alternators there remains £3,200. 
I think this figure is on the safe side, and it is quite possible that half 
the amount will not be exceeded with carefully attended modern gas 
engines. Taking, therefore, £1,600, the cost per unit would be 0:0183d. 
That this figure is safe enough I can prove to you by several reports, 
which my firm at Nuremberg has in hand, in which the average cost of 
repair of a number of gas-engine plants, all running at about the same 
load factor, amounts only to оо08514. per unit. The figure of £970 given 
for the oil consumption of the gas engines and alternators seems also а 
little high. According to our experience, 0°24 gallon per 1,000 B.H.P. 
an hour is ample, and includes the lubrication of compressors and 
water pumps. Taking this figure against 0°37 gallon given by the 
authors, the cost of oil would only be about £650. 

Мг. S. DONKIN (communicated): Referring to page 22 of Mr. 
Andrews’ paper, a figure is used for banking boilers, which amounts 
to 1172 Ibs. of coal per hour рег 1,000 lbs. per hour evaporative capacity 
of a boiler. 

Some very complete tests were made to ascertain the amount of ‘coal 
used for banking boilers by Sir Alexander Kennedy іп the years 1894 
and 1895, and the results then obtained show that 5°75 lbs. of coal per 
hour per 1,009 lbs. per hour evaporative capacity of the boiler is an 
outside figure for both small marine dry-back and small water-tube 
boilers where the grates were hand-fired and the coal used was Welsh. 
In other terms, this figure amounts to about 1 lb. per square foot of grate 
area per hour. 

А few weeks аро а 16}-hour banking test was made for me on а 
large modern water-tube boiler having a maximum output of 30,000 Ibs. 
of steam per hour, and fitted with chain-grate stokers and Miller 
furnaces. This test, in which care was taken to keep the pressure 
constant and at the working point throughout, gave a result amounting 
only to 24 Ibs. of coal per hour per 1,000 lbs. per hour evaporative 
capacity of the boiler, or about 4 16. of coal per square foot of grate area 
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per hour. The coal used was Midland small, having about the same 
cost as the coal in the paper. Аз this result is obtained with modern 
plant, I consider the figures given on page 24 of the paper in calculating 
the total coal used per annum for banking are too high. The figure 
3,330 tons in the paper should be 750 tons, and the 155. of coal per unit 
generated reduced to 3:22, making the overall thermo-dynamic efficiency 
8:17 рег cent., which is not an unreasonable figure. 

Мг. ARTHUR Н. LYMN (communicated) : In the discussion upon this 
admirable paper it wes referred to as the severest attack that had 
been made by gas power џроп steam practice, and that this paper 
almost left one confused, and was stated to be almost convincing in 
its arguments. I welcome this assurance, feeling satisfied that if those 
interested in the gencration of electrical power will go to thc trouble of 
examining into facts and seeing for themselves what is being and has 
been done, they will have before them all that is necessary to complete 
the convincing process. 

We have heard at the meetings that producers are difficult to 
operate, but as a matter of actual fact it has bcen found considerably 
easier to operate a gas producer on rational principles than to fire a 
steam boiler. In making this remark I would lay stress upon “ rational 
principles." It is generally known that with the old type of hot gas 
producer, where a depth of fuel of about 2 ft. was utilised, the variation 
in gas quality was very grcat, but one might as well compare the old 
balloon boiler with the modern water-tube boiler as compare old with 
modern gas-producer practice. I would undertake when operating a 
single gas producer that the quality of the gas produced should not 
vary more than 5 per cent. above or below the average, and this tritling 
variation, which would not affect the gas engine in any way, becomes 
infinitesimal in a battery of producers. I think I may safely state 
that no boiler can be fired in ordinary practice with such a degree of 
constancy. 

It has been alleged that gas producers require a specially selected 
coal. Again this is ancient history, and to-day a good power gas 
producer can deal successfully with the coals from any locality in 
Great Britain—indeed, I might say in the whole world—and it is very 
rarely that a coal has to be rejected. И is quite certain that many 
coals which would be rejected by steam users can be operated satis- 
factorily in properly constructed power gas producers, and I think the 
authors of this paper are not only justified in taking the cost of coal at 
as high a figure for steam as for gas, but are unquestionably erring in 
favour of steam. 

Ап eminent station engineer has remarked upon the number of small 
producers included in the authors' project. I would merely point out 
that each of those producers is equivalent to 2,000-2,500 H.P., and 
gas-plant makers are prepared to put down a plant as large as 
100,000 k.w. and to give proper guarantees. Considerable stress has 
been laid upon the question of obtaining clean gas, but it should be 
noted that there have been many cases where gas engines have run for 
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six and even twelve months without a sign of tar being found on the 
valves—indeed, it is a well-known fact that in тапу localities town gas 
is dirtier than producer gas made in a properly designed plant. I would 
lay stress on the necessity for proper and careful design, and would 
warn all those interested in gas power against “ freak" prices quoted by 
irresponsible makers who deliberately cheapen plant, and thus render 
it unsatisfactory, in order to get in with some municipality. 

Among a number of station engineers there seems to be a general 
belief that the gas-producer plant is less developed than the gas engine. 
But my own experience has proved the contrary, and I can show these 
gentlemen at any time large plants of 10,000 H.P. and upwards which 
have not been stopped for an hour during five to ten years, and one 
large plant which gasifies and recovers ammonia from 200 tons of coal 
per day, and which has never been stopped during a period of fifteen 
years except for a short time in consequence of a fire in the works. I 
am sure that, having regard to these facts, we must accept the reliability 
of gas-producer plant as a fait accompli, and that the proof of the 
same thing as regards gas engines may well be Icft to the makers 
thereof. 

The authors apparently object to a combined gas and steam station. 
It is obvious that under certain conditions of load a gas station is better 
than a combination ; but for the average load conditions existing in most 
large central stations I am of opinion that an ammonia recovery gas 
plant installed to deal constantly with the bulk of the load, combined 
with a steam plant to take the peak, would be found to suit station 
engineers’ convenience and views better than a station composed solely 
of gas power. Іп putting forward this aspect of the question I do not 
overlook the fact that the standby losses of a gas plant are very much 
smaller than those of a steam plant, that the separate units of gas plant 
can be started to work with greater ease than those of a steam plant, 
and that generally speaking they will work much more economically 
while in operation; but there is the important factor of increased 
capital outlay and consequently increased depreciation upon a plant 
which may only be carrying the peak (say 5 per cent.) of the maximum 
output of the station. I feel strongly that this is a matter upon which 
it is impossible to lay down hard and fast views, since the advisability 
of adopting such a combination must be specially considered for each 
casc and must depend upon the local conditions existing. 

Opinions are expressed from time to time that the repairs on a gas- 
producer plant are more costly than those on a steam boiler plant. 
'Those who express these opinions are doubtless unaware that there are 
numerous cases of gas producers which have worked as long as three, 
four, and even five years continuously day and night, and on being 
stopped, emptied, and examined, have been found to require hardly any 
repairs, and have been restarted forthwith. I think I may safely 
challenge any steam users to find me a steam boiler with such records. 
Unfortunately it is always difficult for contractors to obtain working 
costs from private firms, but I am in a position to give you a few 
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interesting figures as to repairs to gas-producing plants. On a 
r0,000-H.P. ammonia recovery plant of а now obsolete design, and 
which worked at full load continuously, the cost of repairs, oil, waste, 
stores, insurance, sundries, etc., was £1,149 during one whole year. On 
properly designed modern plants this figure is much reduced owing to 
the elimination of lead apparatus. The following shows the low repair 
costs of three non-ammonia recovery plants :— 


I. 2,000 H.P., four years, £146, ог £36 10s. per annum. 
2. 1,000 H.P., during 1908, #10. 
3. 1,000 H.P., during 1908, 442. 


The particular plants referred to are working intermittently on an 
annual load varying between 22 апа 27 per cent. As regards deprecia- 
tion, the authors have been taken to task. I have given above one 
example іп which a plant has been working for fifteen years, has 
suffered the effects of a fire, and is probably still good for another 
fifteen years. Meanwhile, although one may look upon the last fifteen 
years as having been greatly devoted to pioneer work in this industry, 
the modifications which have been made in gas plant are not such as 
to render it rcally necessary to scrap any material portion of the plant. 

А point of considerable importance in central-station design is 
the elasticity in choice of site. Mr. Allen drew attention to the great 
advantage possessed by gas power in the possibility of placing the 
gas plant at a distance from the gas engines, which is quite impossible 
in the case of steam plants. The same gentleman questioned the 
advisability of installing ammonia recovery for only a portion of 
the plant. In this case he has evidently overlooked the fact that an 
animonia recovery plant not only pays best but also works best when 
operated at a reasonable load, say not less than 40 per cent. Though 
1 ат entirely in agreement with Mr. Allen's views upon gas plants 
generally, I cannot agree that an expert chemist is a necessity for the 
efhcient operation of an ammonia recovery plant. All that is really 
required is a good tester with some chemical works experience at 308. 
or £2 per week, but he need not be a trained chemist, and very 
excellent results are obtained where the plant is working under these 
circumstances. Such installations are simple and require no more 
expert supervision than a steam plant. 

As regards the net result of sulphate of ammonia recovery, I would 
supplement the authors’ remarks on page 16 by stating that as a general 
rule the amount of sulphate obtained from an ordinary coal is between 
80 and тоо Ibs. per ton, and its net value, after allowing for cost of 
sulphuric acid and all manufacturing expenses, varies between о’84. 
and тд. per lb., according to the selling price of the sulphate and the 
cost of the acid. Accepting the figure of go lbs. at o:8d. per 1Ь., we 
find that the net saving per ton of fuel works out at 6s. Professor 
Threlfall took exception to the authors having accepted so large a 
return of sulphate of ammonia, on the ground that in his opinion there 
was only one district in this country where so much sulphate could be 
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obtained ; but I could mention to him some ten plants working in 
different parts of this country whose average ammonia recovery 
throughout would be slightly more or less than оо Ibs. per ton of fuel 
gasified—indecd, two of these plants are producing as much as 100 Ibs. 
A very pointed remark was made by another speaker to the effect that 
the recovery of sulphate of ammonia simply wiped out the coal bill. I 
fully endorse his remark for certain circumstances, and it is even possible 
to make a considerable profit on the sulphate of ammonia alone, irre- 
spective of the gas produced ; but at the same time I think a general 
statement of this kind is likely to do more harm than good, since it can 
only apply to those few cases where either fuel is cheap or the per- 
centage of nitrogen contained in the coal is high. I notice that the 
authors refer to the heavy cost of sulphuric acid, but when we realise 
that this is only about 30s. per ton, and that the selling value of sulphate 
in this country is about £11 per ton, I do not think that the cost of acid 
can be looked upon as particularly high. They also refer to the lower 
efficiency in heat units of an ammonia recovery plant as against a non- 
recovery plant. Their remarks are perfectly correct, but the difference 
is not at all a serious one, the efficiencies being in the proportion of 
I4 to 15—а very trifling difference when we consider the immense 
advantage of ammonia recovery. 

Ammoniacal effluent difficulties were mentioned by one gentleman 
as an objection to gas plant. I think this was intended to apply to 
lighting-gas works, but in gas-producer plants the process of recovering 
the ammonia from the gas is absolutely different from that employed in 
lighting-gas practice, and there is no ammoniacal effluent. The only 
impurity which can possibly be present in effluent liquors is ап infini- 
tesimal amount of light oil which comes from the tar. This, however, is 
simply a disinfectant and can do no harm, and in a well-designed plant 
it is quite unnecessary for even this liquor to be sent away from the 
plant, since the cooling water can be used continuously over and over 
again. It may be alleged that water containing a small amount of tar 
is not suitable for cooling in cooling towers ; but this has been done in 
practice for many years, and is found to work well. As regards stand- 
by losses, the authors state on page 22 a guarantee figure of 50 Ibs. per 
producer per hour. Over long periods it has been found that the 
standby losses per 1,000 Н.Р. in producers work out at approximately 
14 lbs. per standing hour. It has been said that the Mond producer is 
very costly and complicated, but I think the charge is unfounded. It 
is quite impossible for a good power gas producer to be sold at other 
than a reasonable price, but yet it must be a thoroughly efficient and 
carefully designed piece of apparatus ; and surely those who habitually 
use water-tube boilers cannot consider a Mond producer complicated 
in design, while it is certainly quite as easy for a workman to operate 
as a steam boiler. Again, a gas producer can be overloaded without 
causing difficulties, and generally without appreciable reduction in the 
ammonia yield ; but it is true that certain fuels are more sensitive than 
others, and with these the rate of gasification for maximum ammonia 
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recovery has a clearly defined limit which can be determined before- 
hand by gas-plant makers. It has been thought by some that the 
cheaper the coal the less advisable gas power becomes. This would 
seem to be the case on first considering the subject of ammonia recovery 
plants, but it is entirely a question of the amount of nitrogen contained 
іп the coal. А plant is now being erected in Nottinghamshire by the 
Power Gas Corporation to recover ammonia from 150 tons of small 
coal per day. Тһе coal is extremely cheap, and renders it possible to 
make a good profit out of the ammonia alone, while a great deal of the 
gas is absolutely wasted—i.e., burned in the air—and this appears to be 
a very suitable and extremely economical case for gas power. 

Before closing I should like to draw attention to the important 
advances which have been made іп the last few years in the industrial 
utilisation (by means of gas producers) of combustibles which were 
previously neglected. I would specially mention peat, which can now 
be very profitably gasified under ammonia recovery conditions ; indeed, 
there are already three peat-fuel plants by the Power Gas Corporation 
cither in operation or very nearly completed, one of them being for an 
electric distribution station in Italy. We all know that peat in its natural 
state contains an enormous amount of water ; but there is no difficulty 
in drying it down to 50 to 60 per cent. moisture, in which condition it 
can be satisfactorily gasified. From numerous peat deposits as much 
as 150 to 200 lbs. of sulphate of ammonia may be recovered per 
theoretically dry ton of peat, while producing at the same time а 
perfectly satisfactory power gas. Such plants will yield a rcturn of 
as much-as 8o to тоо per cent. on the capital without considering the 
value of the gas. 

Station engineers may look upon this phase of the gas-power industry 
as having little interest for them, but when they consider the possibility 
of large stations being erected at or near peat bogs, the current being 
transmitted therefrom to towns or used in works requiring cheap power, 
they will doubtless view the matter more seriously. 

Dr. R. DRAWE (communicated): I have compared the author's 
estimate of running costs of a gas-engine installation given on page 30 
of the paper with some actual results that I have recently obtained from 
a gas-driven installation generating 35,000,000 units per annum, from 
which I find that the author's estimate is on the high side. 

For instance, the actual cost of fuel, taking coal at 11$. per ton, 
works out at 0'0586д., say ообой. against the author's 007754. 

The actual cost of oil, waste, stores, water, and repairs works out to 
00724. against the author's 0°1035d. 

Тһе actual cost of interest and depreciation, taken at 15 per cent. on 
the capital, works out at 0'123d., against the author's 0'2024, 

Finally, the actual total cost works out at o'256d., against the 
author's 0°383d. 

At another large installation, working on coke-oven gas, and gencrat- 
ing 40,000 k.w., the depreciation and interest amount to 0:1504., and all 
other costs to 0°105@. The total cost for 1 unit, therefore, 0'2554. 
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The load factor of these two installafions is about 65 per cent. 

Our experience has been that there is no greater difficulty inrunning 
large gas engines on producer gas than on cither blast-furnace or coke- 
oven gas. Тһе producer-cleaning plant extracts all the tar, and on 
recently examining one of our engines that has been running for two 
years on Mond producers, we could find no trace of injury from the 
small amount of sulphur in the gas. 

We realise that the gas producers have been brought to a much 
higher state of perfection in your country than in Germany, and German 
engincers are now endeavouring to embody English experience in their 
design. 

I am very confident that a combination of English producers with 
gas engines built on German lines will prove a thoroughly reliable and 
economical installation. 


DIscUSSION АТ DUBLIN, FEBRUARY II, 1909. 


Мг. |. STURGEON: This paper is a most important and valuable 
one, and will prove a useful handbook and aid to those who have to 
design electricity generating stations. The authors deal, apparently, 
only with town stations having low load factors, and where land is 
costly and water supply scarce and dear. Perhaps the authors' con- 
clusions in favour of large gas-engine units are justified. I am more 
concerned in general supply schemes, where the load factors are high, 
and the generating station situated in some country place near a natural 
water supply, and where land is cheap and floor space ample. Under 
such conditions I consider 500-k.w. units quite large enough. There is 
really no difference in thermal efficiency between а 500 and а 1,000-k.w. 
gas engine, while taking the engine and alternator together there is an 
actual saving in the smaller unit, owing to its higher speed. I have in 
my hand an estimate from the makers of the Kórting gas engine, as 
follows :— 

One 750-В.Н.Р. twin-cylinder gas engine, 111 revs. per minute, with 
15-ton flywhecl—with one 3-phase alternator, 500 k.w., 10,000 volts, 
50 cycles, complete with rope-driven exciter, 46,520 ; two of these sets 
costing £13,040. 

One 1,500-В.Н.Р. twin-cylinder gas engine, 24-ton flywheel, with 
I,000-k.w. alternator, same voltage, &c., speed 88 revs. per minute, 
price £13,300, ог 4260 more than the two smaller units for the same 
total output. 

But there are other important savings in favour of the smaller unit, 
namely, in the foundations, housing, crane, and standby units. Тһе 
flywheel may be taken as an index of the cranc-power required, and 
the larger engine would therefore require a crane бо per cent. more 
powerful than the smaller one, and also with a grcater span, and the 
building would have to be higher. In the standby plant the saving 
would be very great indeed. I consider these advantages would 
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greatly outweigh an extra cost in attendance and labour, which would 
amount to very little. 

The authors’ estimates of working costs are based on coal slack at 
12s. per ton. 

According to the figures on page 25, the sulphate of ammonia 
works out at go lbs. to the ton of fuel. If peat fuel had been 
used, the authors would have been able to get much more than that, 
and about 1 cwt. to the ton would be a conservative estimate. At 
the low cost of peat and higher percentage of sulphate recovered, 
it would pay to keep the gas producer and recovery plant running 
continuously, and let the gas blow to waste when not in use for the 
engines. These, of course, are not the conditions assumed by the 
authors. In a general supply undertaking they would get very high 
load factors, especially for electro-chemical and electro-metallurgical 
processes. For instance, at the Castner-Kellner Works, theload factor is 
over 95 per cent., but even with a third of that load factor I believe it 
would pay to run the ammonia recovery plant continuously. I have 
only to add that I personally feel indebted to the authors for a mass of 
valuable information which will be of service to me in the work I am 
now engaged upon. 


Mr. б. Е. Риллтсн (Chairman): Can Mr. Sturgeon give any M 


information as to the effect upon the selling price of the great in- 
crease in the amount of sulphate of ammonia put upon the market by 
гсазоп of these schemes ? 

Mr. STURGEON : The suggestion is a very natural one, but the fact 
is just the reverse. When Dr. Mond first brought out his system, 
the price of sulphate of ammonia was only £7 per ton. It has 
steadily risen since, until in 1927 the average price for the year was 
£11 153. 84. Of course there are minor fluctuations, as in winter the 
output from gas works is greater at a time when the demand is less, 
but getting towards spring the demand is greater just when the supply 
begins to slacken off. Тһе deposits of Chili saltpetre are said to be 
showing signs of exhaustion, and we may in the future have to depend 
entirely upon manufactured fertilisers. The worlds demand for 
fertilisers is enormous, and sulphate of ammonia still holds its own, in 
spite of the competition of other artificial manures, such аз calcium 
cyanamide, nitroline, etc. It will be a great many years before the 
output can so overtake the demand as to attect the price to any 
appreciable extent. 

Mr. С. M. Harriss: My experience with large gas engines is 
chiefly with the soo-k.w. National set, which ran side by side with 
steam sets at the Irish International Exhibition. [ remember that the 
exhibition authorities tried nearly every maker to get such an engine, 
but most of them would not touch anything like the size required, The 
engine was made and put down in a hurry. ‘The first night it started it 
was put on full load, and no hitch whatever occurred. It was often 
overloaded, but ran right through the exhibition quite as well as the 
four steam sets. I have no hesitation in saying that, in my opinion, it 
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will not be very long before gas engines entirely take the place of steam 
engines. 

Mr. W. J. SowrER: I am rather disappointed with the authors' 
deductions, and consider a very much better case could be made out 
for gas engines. "True, a saving of 45 per cent. is shown (with the aid 
of the ammonia recovery plant), but the question is, whether responsible 
engincers will consider such a saving sufficiently attainable to warrant 
their entering upon what is, so far as this country at any rate is con- 
cerned, a huge experiment. I object to the steam station being 
penalised to the extent of over £2,000 per annum for water supplying, 
secing that no engineer would think of putting down a turbine station 
inland if a good supply of water could be got, even if there were other 
serious disadvantages. Will the authors tell me why steam-driven 
exciters are to be put down in the gas-driven station instead of the 
exciters being direct-coupled to their own alternators? І ат surprised 
to hear that the capital cost of gas-engine plants per kilowatt is so much 
higher than steam. I recently got prices for 1oo- to 200-k.w. direct- 
coupled high-speed gas engines апа dynamos, and came to the con- 
clusion that the cost was almost exactly the same as an up-to-date steam 
station. I think that the authors could have made out a very much 
better сазе for the use of gas engines for small stations having capaci- 
ties of onlv a few hundred kilowatts, as the coal consumption per unit 
with steam sets is high, while the small gas engines are practically as 
economical as the larger sizes. 

Mr. T. Томілхзох: Гат particularly pleased to notice the method 
by which the authors have arrived at the probable coal costs in the cases 
they have given, as in a recent communication to the Engineering and 
Scientific Association of Ireland I enunciated the same method. The 
value of the paper rests in the fact that the figures given do not merely 
represent results achieved at two different stations, where perhaps the 
conditions may be widely different, but are figures arrived at by an 
accurate process of deduction, and even if the totals are not strictly 
accurate, the comparisons between the two cases probably are. I do 
not quite see how the authors managed to get an overload capacity out 
of a gas engine, but, of course, it is all a matter of rating. ы 

Mr. Р. Н. STEWART: If large stations were started all over the 
country producing sulphate in such enormous quantities, the market 
price would fall and the price of sulphuric acid increase. With 
regard to steam turbines, I have had no trouble whatever with them, 
and have never known the blades to strip. 

Mr. W. TàrLow : My experience is limited to gas engines of very 
moderate size, but I have found these on the whole very reliable and 
satisfactory. There can be no doubt that with the increasing cost of 
fuel, which is bound to make itsclf felt more and more as the coal- 
mines gradually become exhausted, the claims of the gas engine will 
force themselves on engineers ; already іп the case of large traction 
stations the cost of fuel is accountable for 80 per cent. of the total 
generating costs, and it scems as if the use of the internal combustion 
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engine is the only means of obtaining a substantial reduction in fuel Mr. 
consumption. In view of the success obtained with oil engines using nues 
the Diesel cycle, I cannot understand why no attempt seems to be in 
progress to construct gas engines working on this cvcle. In the 
matter of reliability it seems unreasonable to expect that а machine 
with reciprocating parts such as a gas engine can be as reliable 
as a machine, such as a steam turbine, having a simple rotary motion 
and an even turning moment. р 

Мг. А. T. KiNsEY : It is instructive to be assured Бу an independent Mr. Kinsey. 
investigation of this kind that there are numbers of recovery plants 
where the sale of the by-products has almost equalled the cost of the 
fuel used. This points to cheaper power. In choosing the site for a 
large gas-driven station, the question of silencing the exhaust would 
appear to be a matter for careful consideration, judging from the 
difficulty of doing this even with small gas engines, so as to avoid com- 
plaint of nuisance. In the past water was looked to for cheap power. 
In an Irish city, with ample water power, current is charged at 54. per 
unit. In a much smaller town, with a suction gas plant, the price is 
3d. per unit, and there is no recovery plant. Both are private concerns. 

Mr. С. Е. Рпмитсн (Chairman): It is evident from the figures Mr. 

: А : Pitditch. 
which Mr. Andrews has placed before us that gas engines will, at any 
rate, run steam-driven plant very close in the future. Although the 
capital cost of gas plant is somewhat higher than steam plant of equal 
capacity, there seems little doubt that іп many cases the cheaper 
running costs will more than balance the extra capital charges. Of 
course, each case has to be considered on its merits. I think that 
engineers in this country are perhaps a little nervous about large gas 
engines, and prefer to put in steam-driven plant on the score of 
reliability, even though the running costs arc likely to be à trifle higher. 

With reference to the estimated running costs оп page 30, Гат 
rather surprised to find the same figure given for repairs for both gas 
and steam-driven plant. I should have expected to find that gas plant 
cost тоге in repairs than steam plant; but at the same time, not having 
had any experience with large gas engines, I am not prepared to dispute 
the figure given by the authors. With this exception, I consider that 
the comparisons are very fair indeed. 

In thanking the authors for their paper, which I consider a most 
valuable one, I feel that I am only voicing the sentiments of all members 
of the Local Section. 


DISCUSSION AT MANCHESTER, FEBRUARY 16, 1909. 


Mr. C. E. Doucras: The comparison of the working costs and the Mr. 
а eee x bees Douglas. 
comparison of the initial costs shown are likely to be severely criticised 
by many present. І had the privilege of preparing some figures on gas 
and steam plants which were put before this branch of the Institution 
two years ago, and I was severely heckled on that occasion. Personally, 
I am a great believer in the gas engine, both in its present state and as 
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regards its future. When you see stations such as those of which Mr. 
Porter has shown photographs, with 60,000 Н.Р. of gas engines in one 
installation, I think you will agree that there is considerable hope for 
the large internal combustion engine. Even as far back as four or five 
years ago there existed in Атспса a power station of gas engines of 
the double-acting 2-cycle type aggregating доооо Н.Р. Whether the 
gas engine ever compares with the steam turbine for units of 3,000 to 
5,000 k.w. and over, I am not prepared to say, but I have a great belief in 
their utility up to more modest powers of some 1,000 k.w. per unit. We 
have after all to bcar in mind the fact that the turbine has a definite 
place for installations in large towns, where land is expensive and space 
an important consideration. On the other hand, perhaps space is not 
the only thing to bear in mind, and having regard to the development 
of high-tension transmission, it is a simple matter to put large generat- 
ing stations a little further out, where land can be more readily obtained, 
provided, of course, that facilities obtain for a convenient supply of 
fuel. The necessity for а good supply of water is not nearly so great 
with the gas as with the steam station. 

There is опе point E have not clearly understood, and that is with 
regard to the amount of coal required to run the turbine or gas engines 
on noload. I take it that the figure which was given, and which was 
shown to be the same in either case, is the coal actually consumed when 
the machines are running round light. That бриге, I think, is not of 
very great importance from the economical point of view, for, after all, 
you are not going to run your engines for more than a few minutes a 
day with no load. Just recently I have had occasion to go into the 
matter of coal consumption very closely for a steam turbine station, 
and it has been a difficult matter to arrive at the correct figure. І 
should have had less hesitation in fixing on a figure for a gas-engine 
plant. Asa matter of fact, I think the figures that have been given by 
Messrs. Andrews and Porter are very fair averages indeed for the steam 
station, and also for the gas station. As already stated, I cannot say 
whether or not there is a field for the really large gas engine as com- 
pared with the large steam turbine. I believe there is, but I do not 
think that field will be opened to us just yet. If you compare the 
capital cost of the two installations referred to by the authors, we have 
to deal with very large units ; but if you institute a comparison between 
smaller units апа smaller installations, where units do not exceed 500 
to r,ooo k.w., and the aggregate installation is reduced in proportion, 
my opinion is that the capital costs of the steam and gas installations 
are practically on a par. Тһе largcr you go in your units, the less 
appreciably expensive, I think, will your steam station be than your gas 
station, оп account of the rclatively small space occupied by steam 
turbines of large output and the relatively low cost of these machines 
for high powers. 

I am not very sure about the discrepancy factor. Do I take it that 
this gives you, from the theoretical consumptions, the actual consump- 
tions which have to be considered attainable? From my own ехре- 
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rience, I should not have thought a discrepancy factor of 25 per cent. 
was enough for the steam plant at any rate; but, after all, the проге 
has been carefully prepared, and it is possibly sufficient. With regard 
to interest and depreciation, I do not know what percentage municipal 
engincers consider fair and right, but looking at the matter from the 
standpoint of the Lancashire mill-owner and the Yorkshire woollen 
manufacturer, we do not find that they will let us off under 10 per cent., 
and not infrequently a higher figure still has to be allowed for. 

‚Гһеге is one point which has not been touched on in the paper 

though it is of importance ; I mean the possibility of using a cheaper 
grade of fuel with the gas plant than with the stcam plant. If you 
consider the question specially in reference to London, where сх- 
pensive anthracite coal has frequently to be burned under steam 
boilers, either to abate or avoid smoke nuisance, it will be seen that 
a great reduction in total cost of coal can often be effected, and I 
believe there is considerable scope for gas-engine work there. Хой 
only may there easilv be a 5о per cent. reduction in the quantity 
of coal used, but since a low grade bituminous coal can be consumed, 
without smoke, in the closed producer plant, and a further saving in 
price effected as compared with the use of anthracite, the total 
monetary saving is considerable. This has been proved in several 
cases, and can be shown in many others. 
.* I am glad to hear of the instances of parallel running cited by 
the authors. There has been an edifying correspondence in one 
of our electrical papers on the subject of gas engines and their 
application to electrical driving, and it is quite amusing to sec the 
number of letters which have appeared regarding the impossibility 
of gas engines being used for driving alternators in parallel. Even 
single-acting 4-сусје gas engines have been so used for the last six or 
seven years, and now it is a matter of common occurrence; witli 
double-acting 2-cycle engines the difficulty disappears altogether. 

I am glad to be able to endorse the authors’ statements as to 
examples of reliability, and am personally acquainted with several 
cases where large gas engines have been employed, running con- 
tinuously day and night, in some cases including Sundays, for three 
months without a stop, and for eighteen months without so much 
as requiring internal examination or valve adjustment. 

Mr. S. L. PEARCE : I have read this paper with extreme interest, 
looking at it from the point of view of a municipal engineer interested 
more especially in the question of large gas-engine units. I must 
confess at the outset that I am not able to seriously shake the 
figures that the authors have put forward this evening. "The ques- 
tion really resolves itself into two factors. You have the heavier 
capital expenditure on the one hand, over against which you set 
the reduced fuel costs. These latter are of course dependent upon 
the price per ton, over which we have little control, and also on 
the load factor of the station. Those are the two determining factors 
in this question, but after carcfully reading this paper I am inclined to 
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think that Mr. Andrews’ view, as expressed in Electrical Engineering 
in October, 1907, in which he advocated a combination of gas 
plants with steam plants, is a sounder view than the one he takes 
up to-day, in which he apparently gocs the “ whole hog,” and plumps 
for gas plants at stations which have a very low load factor. We 
are all familiar with the disadvantages of gas plants, and I need 
not dwell on those, beyond briefly stating them to be (1) excessive 
weight ; (2) inability to mect sudden overloads; and (3) the extra 
space taken up. It is no good dogmatising on these three points, 
each engineer must consider them in relation to his own local con- 
ditions. The station engincer, in considering the question of prime 
movers, will naturally have in view three points : firstly, reliability ; 
secondly, capital outlay; and thirdly, fuel economy. Before we 
consider gas plants in dctail, I think we have to make up our 
minds that the gas engine of to-day is a thoroughly satisfactory 
and reliable piece of mechanism. І, in common with many engineers 
in this country, through the courtesy of Mr. Andrews and other 
friends, have been able to see a good deal of large gas-engine plant 
at work on the Continent, and for my part I am quite prepared 
to admit that the large gas-engine unit to-day is as reliable as a 
large steam unit. With regard to the producer end, we have, 
unfortunately, very little experience. I use the words in a com- 
parative sense, because on the Continent it is a question of blast- 
furnace gas or coke-oven gas, but at home there are one or two 
prominent examples of producer plant using bituminous coals, and 
we hear satisfactory reports of these. At the present time I think 
engineers who are considering the question of gas plants would like 
to have more information from the users, and to be actually satisfied іп 
that the producer end is as reliable as the gas engine itself. 

Dealing with the question of the size of unit, I said at the outset 
I was morc especially interested in the size up to which the gas engine 
could now be built. Speaking as regards Manchester, I do not 
think we could consider putting in units of much less than 5,000-k.v.a. 
capacity. We have not too much space, and having installed steam 
units of 6,000-k.w. capacity, we could not drop very much below this 
output with advantage. 

With regard to the capital costs on page r9, and the steam figures 
given therein, I would say that they appear to me to be generally too 
high. Knowing the prices at which large turbo-generating plants 
can be bought to-day, I think the total figure of £139,000 odd should 
be reduced some то per cent., and that of course would have some 
bearing on the table which is given later on. Тһе capital costs for 
a gas plant using 5,000-k.v.a. units could probably be brought down 
to £15 per kilowatt. 

Then you come to the important question of fuel economy, and 
here the authors state that various tests of gas engines of different 
outputs show a figure of т lb. per kilowatt-hour. That figure, however, 
does not appear to be borne out in practice, and I take it as referring 
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to the actual units sent out on the feeders. It does not accord with 
the results given on Table III. of gas-plant efficiencies. Іп no single 
case do the examples cited come down to a figure of т Ib. of fuel 
per unit generated. Furthermore, some figures were put before me 
some time ago by a firm of gas-engine builders, and although they 
were considering a set of conditions in which the size of unit was some 
4.000 k.w., and the load factor at least 70 per cent., the guaranteed 
figure that they gave worked out to about 19 lbs., so that г 1b. of coal 
per unit generated is, I think, rather too small when considering the 
set of conditions that the authors have taken in the first part of their 
paper. I would consider rj lbs. to be nearer the mark. There is not, 
in my opinion, more than г lb. per unit to be saved as between a gas 
and a stcam station. 

Then comes the question of the price you are going to reccive for 
your by-products. The authors take that at £11 per ton, and at the 
present time that is very near the mark. I think the gas department 
of the Manchester Corporation for the last three contracts made have 
obtained £10 155. but if the supply of these by-products should 
become extensive, the price may possibly fall. It does not seem to me 
that one ought to rely on maintaining the authors’ price of £11 per ton 
if there is likely to be a very great supply of sulphate of ammonia in 
addition {о other fertilisers, and I think one must adopt a very 
conservative estimate in considering this question of the sale of 
by-products. 

The standby coal figures that the authors give on page 22 are 
à very important item on the steam side of the question, and they 
adopt a figure of 448 lbs. per hour per plant unit. It may be of 
interest to you to know that some seven or eight years ago, when 
I first came to Manchester, I set out and made some tests with a 
view to arriving at this figure on the city station's plant, and found it 
to be 5 165. of coal per day per kilowatt installed. If you take that 
figure and compare it with the authors, you will sec they аге 
almost identical. 

On page 23 the authors give a set of curves, amongst which there 
is one for a 6,009-k.w. turbo-alternator at Stuart Street station. I 
may say, in reading this paper, I accepted the authors’ figure for 
the no-load losses on the Manchester turbine. My attention has 
been drawn to the fact that the figure of 15,000 lbs. is not 
correct; the figure should really be 9,600. Of course that is against 
the steam-turbine side of the question, because if you decrease the 
no-load losses, you still have a total consumption of 95,000 lbs., and 
that means that the coal consumption per actual unit gencrated is 
higher. I think that is probably the reason why on page 24 the 
overall thermo-dynamic efficiency of 7'4 in steam plant is higher than 
the authors thought it should be, as given in Table III. on page 38. 
They have also, I think, taken a rather extravagant figure for the 
cooling water per hour, no less than 288,000 gallons, which works 
out at 7o times the weight of steam. Surely that is excessive. 
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With regard to the question of maintenance and repairs, it is, of 
course, difficult to put up any figures for the repairs to gas plants. 
As Mr. Andrews explained, it is a point on which Шеге is very little 
information forthcoming, and assuming his figure correct for gas, one 
would certainly regard {һе figure they have adopted for steam plant as 
being on the high side, and would be inclined to reduce it by 25 per 
cent. It would also be interesting to know why the authors on page 28 
state that the repairs for generators would certainly be lower for gas- 
driven plant than for steam or turbine-driven. Our experience goes to 
show that the turbo-alternators are likely to cost far less in upkeep than 
reciprocating slow-speed sets. Regarding the question of depreciation 
and interest, of course in considering industrial concerns опе has to 
take a fairly high figure for interest—something in the order of 5 per 
cent. Municipalities are able to get moncy cheaper, and therefore vou 
can knock off something like 2 per cent. I think 10 per cent. is too 
high, and, on the other hand, 61 per cent. too low. I would suggest an 
cquated figure of 84 per cent. for gas апа steam based on the lives of 
the separate parts of the installations. 

Subject to these foregoing criticisms, the estimates for gas and 
steam would be amended to o'423d. total costs per unit for the former 
and o*483d. for the latter, still showing a substantial advantage to the 
former. The effect of fucl price and load factor is, of course, the whole 
gist of the question. Under the second sct of conditions given in their 
paper the authors have, I think, өсі out to prove too much in taking the 
case of these low load factors of the order of 10 per cent., and proving 
that the gas plant is better even under those conditions, I have taken 
out a series of figures in detail, and with coal at ros. per ton and a 10 per 
cent, load factor I arrive at a total cost per unit generated of 0°835d. per 
unit for gas as against o'8d. for steam, so that it scems to me you are 
getting very near the dividing linc, and it would be of interest to con- 
struct a series of curves on the lines of the criticisms offered and to 
show at what point as regards the load factor and fuel price it is 
cconomical to use gas or stcam plants. 

Mr. W. SrEAD: I am in the fortunate position of having to deal 
with gas engines and steam turbines, both in manufacture and in 
operation. At the Westinghouse works we have about 1,200 B.H.P. 
of gas engines, and the remainder are reciprocating Corliss steam 
engines. If we haveto shut down the gas engines owing to the gas 
being required for other purposes in the works we very soon fcel it in 
the coal bill. Our two producers are Mond producers of 1,000-H.P. 
cach, and have been at work now for about four years. In that time 
we have relined them at a cost of about £75 each, and that has been 
practically the only outlay. Тһе other portion of the producer, the 
outside work, does not deteriorate in the same way as boiler work does. 
The only trouble in a producer job is that particular care has to be 
taken with the tar, and the producer people as а whole certainly 
underestimate the evil effects of tar. Recently а Liverpool firm has 
produced a burner for tar which can be used in connection with a 
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boiler, 23 cwts. of tar taking the place of a ton of coal. With regard 
to the question of economy of gas engines, at one mill where a Westing- 
house gas engine is installed they run at 1'2 lbs. of coal per brake- 
horse-power. Тһе һогвс-ромег is about 750, and coal is 15. 6d. per 
ton cheaper than that which would be used for a corresponding Lan- 
cashire boiler, which drives the weaving shed. I think all makers of 
gas- and steam-engine plants would very much like to be able to obtain 
the prices quoted by the authors at the present time. 

Dr. Е.Н. Bowman: The first gas engine that I saw was about forty 
years ago, and it was very much ridiculed by engineers at that time, 
but from the diagrams shown to-night I think we may say that the gas 
engine has come to stay. The paper gives evidence of an enormous 
amount of research, and one thing that has struck me is the extreme 
fairness with which the authors have endeavoured to hold the balance 
between the steam and the gas engine. I quite agree that if fucl is 
very cheap, and there is a good supply of water in the neighbourhood, 
and the power used is very large, then the steam engine holds an equal 
chance with the gas engine. One gentleman said that the producer 
seemed to be the weak point in a gas station. I hold that the gas 
engine is not as perfect as the producer is to-day, especially the con- 
tinuous action suction producer. With regard to the by-products that 
can be obtained from bituminous producers, if you go to an ехре- 
rienced chemist he will tell you that even if they could not be sold in 
the form mentioned there are other things with a much larger money 
value for which they could be utilised, but this is only applicable to 
large plant. The great advantage of the gas engine is that you obtain 
in smaller powers, say up to 1,000 H.P., a greater economy than you 
possibly can with a steam engine at a less cost, and for a very large 
number of the textile factories, as we know, the average quantity 
required is about 1,000 Н.Р. For powers up to 500 Н.Р. (and two 
500-H.P. engines side Бу side will give you 1,000 Н.Р.) there is the 
suction producer, and I hold that if you put down а suction producer for, 
say, 500 Н.Р. the plant will cost less than {1 per horse-power, and there 
is absolutely nothing to get wrong if it is put down properly, and so 
far as I can judge now the continuous-action suction-gas plant is the 
best to use up to this power. When considering the question of fucl, 
in this case anthracite is undoubtedly the best, but it is dear. You can, 
however, use a portion of anthracite along with раз coke, which you 
can get almost anywhere. If the producer is properly designed to 
use coke and a mixture of anthracite you can use a cheap form of 
anthracite, and wherever a supply of that is available you can have 
а gas plant which, put down in 1,000-Н.Р. units, answers perfectly 
wcll even for stations which have to supply power and light to middle- 
size towns, and the cost in fuel will be about rd. per brake-horse- 
power-hour. In addition, you must bear in mind that for small units 
you get a greater economy in the same size units for gas plant than is 
possible with any similar sized steam plant. I quite agree with the 
authors’ views regarding the “mixed” installation, gas-driven plant 


Mr. Stead. 


Dr. 
Bowman 


92 ANDREWS AND PORTER: USE OF GAS ENGINES ГЕеһ. 16іһ, 


Dun to take the smaller constant loads up to, say, 1,000 B.H.P. My own 
` opinion with regard to bituminous plant is that it would not pay to put 
down a recovery process for less than about 4,000 Н.Р. 

Wilson: Mr. S. J. Watson : Before criticising some of the points that the 
authors put forward, I should like to say that as a result 'of a visit 
which I made last summer with Mr. Andrews and a party of engineers 
to inspect some of the large gas-engine installations in Germany, I 
came back quite convinced that as a practical piece of mechanism the 
large gas engine has arrived, and if any of you have any doubts in your 
mind on that point, you have only to run over and see some of these 
large engines at work, and you are bound to come back with the know- 
ledge that the large gas engine is a thoroughly practical piece of 
apparatus. One of the places we visited there contained some 12 sets 
of engines, each of over 2,000 H.P., and I can assure you that the sight 
of that immense engine-room, 230 ft. long by 260 ft. wide, with these 
large scts running so quietly and well, was a novelty to us British 
engincers. You will not see anything of the kind in this country. 

Coming to the figures given in the paper, the authors must have 
found some little difficulty in their endeavours to put the case fairly 
for the gas engine апа for the steam turbine. They have, I think, 
tried to be quite safe in the figures put forward, but there are several 
points upon which I disagree with them. In the first place, it is 
unfortunate that they should estimate for a large turbine station with 
cooling towers. Such generating stations are, I think, more likely to 
be the exception than the rule. The capital cost of cooling towers and 
the revenue charge for water so considerably affects the total working 
expenses, that in fairness to the steam plant the authors should have 
based their calculations on the assumption that a natural supply of water 
was available. There is also one very important omission from both 
estimates, that is, the cost of the land on which the buildings for both 
types of plant are erected. I have taken the trouble to work out roughly 
the area of land occupied by each of these two buildings, and after 
doing so I came to the conclusion that one of the authors must have got 
out one set of plans and the other author the other set of plans, and on 
comparing them thcy found that unfortunately the turbine station only 
took up half the land that the gas plant did. Now what were they to 
do in order that this marked advantage to the turbine station should 
not be so apparent? And then a happy thought struck one of them. 
Put in cooling towers and a big reservoir alongside, and the two will 
come out about the same. The area of the land occupied has a very 
important bearing on the costs. И you only estimate a very low price 
for the land, it is obvious that there will be a considerable difference in 
the amount included for this item for the gas station as compared with 
the turbine station. I have carefully gone through the figures which 
Mr. Andrews gives for the cost of the steam plant of five 2,000-k.w. sets, 
on the assumption that you have an adequate water supply available, 
and I quite agree with the remark that Mr. Pearce made, that if you 
come to lay out a station of that size, you would undoubtedly be ablc 
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to construct it at a very considerably less cost. In fact, I am quite sure 
that £117,500 would be sufficient to put down such a station to-day оп 
very sound lines, working out at {11 15s. per kilowatt, including land, 
compared with the authors’ figure of £13 9s., excluding land, whereas 
the gas plant including land would cost over #18 per kilowatt. 

Now же come to the question of running costs, and the comparison 
of gas engines v. steam turbincs is really one of increased capital v. in- 
creased fuel costs. Тһе extra cost of the gas-engine plant, the interest, 
sinking fund, апа depreciation will cost more, which will have to be 
saved on the fuel account in order to justify the expenditure. I have 
looked into the estimates of working ехрепзез [ог the steam plant given 
by the authors, and consider they should be amended as follows, on {һе 
basis of a capital expenditure of £117,500 for a station possessing 
natural water facilities. The item of £2,550 for water would be 
eliminated. The quantity of coal allowed—viz., 3:55 lbs. per unit 
generated—is too high, and should be reduced to 3:00 Ibs. ; this is а 
figure shown by at least one undertaking on the list, and one, moreover, 
which will undoubtedly be attained by many others. It is also unfair 
to assume that the same class of fuel is required for both the gas and 
the steam station. If a price of 12s. per ton is taken for the gas plant, 
you may reasonably take a price of 105. per ton for the steam plant. 
On these lines the working expenses for the steam plant, with 24 per 
cent. load factor, comes out slightly less than the gas plant, and if you 
reduce the load factor, the ettect on the cost per unit owing to the 
reduced capital charges on the steam plant is much to the advantage 
of the steam station. I had made a note of the point which Mr. Pearce 
has also dealt with concerning a proposal put forward a short time 
back by Mr. Andrews, "that it would be advantageous to combine 
stcam and gas plant for generating stations." Тһе gas plant could then 
be used on that portion of the output having a high load factor, and 
the cheaper turbine plant used for peak loads, and this combination of 
the two types of plant should give very good results. One other point 
about the cost of working. One hears occasionally of men being 
gassed, and I do not know whether Mr. Andrews allows anything extra 
for insurance or compensation. 

With regard to the question of overload capacity. А gas plant may 
only be overloaded то ог 12 per cent., whereas a steam plant can easily 
be overloaded 33 per cent., and if you figure out the capital costs per 
kilowatt of maximum plant capacity, of course the steam plant will 
show up very much better than the gas plant. 

Mr. V. A. Н. McCowEN: I have recently been considering a scheme 
very similar to the one the authors have put before us, and while I 
agree with some of their conclusions, there are a number of the figures 
with which I disagree. I think some of the assumptions on which the 
figures and conclusions are based are much too favourable to the gas- 
engine scheme. They start with the assumption of coal at 12s. per ton, 
which I consider is much too high a figure. И we neglect the cost of 
coal during the past year when prices were abnormally high, and take 
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an average over the preceding five years, the price comcs out at some- 
thing like 8s. per ton as a fair figure in the Lancashire district. This 
would reduce the authors' cost of fuel in the case of steam from £19,968 
per annum to about £13,312 per annum, and in the case of gas from 
£12,280 perannum to £8,186 per annum, ог a reduction in favour of the 
steam scheme of about £2,563 per annum, and this is for fuel alone. 

Then there is the question of water. The authors include a system 
of cooling towers, which may be quite unnecessary, involving a much 
larger extra expenditure for steam than for gas. For instance, the cost of 
cooling plant for steam is given as 46,000 as against about £1,000 for 
gas. Even admitting that cooling towers are necessary, the charge of 
6d. per thousand gallons of water isan excessive figure, and I submit that 
in this district it is quite possible to get it at one-sixth of the price from 
bore holes. This would reduce the cost of water in the case of the 
steam scheme from £2,550 per annum to about 4425 per annum, and 
in the case of the gas scheme from £555 to £92 per annum, or a 
reduction in favour of steam of about 41,660 per annum. 

With reference to the lay-out of the steam station, I consider the 
boiler units of 10,000 lbs. capacity each much too small, and sce по 
reason why this size should not be doubled, and instead of having four 
boilers to each turbine, two boilers would suffice; this would reduce 
the capital outlav on the boilers, the standby losses, and the working 
expenses, and would also reduce the space necessary. With regard to 
what the authors call the “ discrepancy factor," taking into account the 
very careful way they have estimated the standby losses, I think that 
the figure of 25 per cent. is much too high, and has the effect of 
increasing the coal costs of the steam scheme by a much larger 
amount than it does the gas scheme. For instance, this 25 per cent. 
discrepancy factor means an increase of 6,660 tons of coal per annum 
on the steam scheme, as against an increase of 4,093 tons per annum 
in the case of the gas scheme. 

I should also like the authors to give us a little more information as 
to what they consider the minimum size of generating plant with which 
it would be advisable to apply recovery plant,under the ordinary 24 
per cent. load-factor conditions which they adopt in the paper. They 
suggest that “it is not worth while to recover sulphate of ammonia 
unless the output of the plant exceeds 2,000 H.P., and then only on an 
exceedingly good load factor." They evidently do not consider 24 per 
cent. as a good enough load factor for recovery purposes, except on a 
very large plant, and as this vitally affects the estimated fucl saving, 
it is a point on which further information would be most desirable. 

'The question of space necessary for the two schemes has not been 
given sufficient consideration, If the two plans given in the paper bc 
compared, it will be noticed that there is a considerable amount of 
vacant space allocated to “ cable stores, etc.," which is not part of а 
generating station. If we neglect this vacant space and measure the 
area of the steam schemce itself, it comes out to about 4,600 sq. yds., while 
the space taken by the gas scheme comes out to about 9,500 sq. yds. 
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The space necessary for the steam scheme might, I consider, be 
reduced at least 25 per cent. by a rearrangement of the plant. This 
would reduce the area of the steam scheme to about 3,500 sq. yds., ог 
very little more than one-third of the area of the gas scheme. This is 
a very important point where one has to pay a high price for land, and 
may materially affect the final economical results of the gas station as 
compared with the steam station. One might say, “ Why not go outside 
the district and get cheap land?" И is, however, very often much 
cheaper to pay a big price for a site that is near the centre of gravity 
of supply than go further afield and even get land for nothing. Тіс 
question of space is therefore, I contend, a very important one, and 
may in certain cases reverse the conclusions arrived at. 

Mr. С. D. SEATON: I have seen big gas engines at work іп 
numerous places in Germany, and there is no doubt that they are a 
success; but,as a Nuremberg man pointed out in Birmingham last 
weck, they are all working with blast furnace gas, which he describes 
as the ideal gas for gas engines. If we could always have ideal соп- 
ditions I think we should run through with turbines very much easier 
than we do. I am quite prepared to admit that the gas engine isa 
success, but I am not at all prepared to admit that the bituminous pro- 
ducer is a success. I think if the authors had any reliable figures 
about the working of big bituminous producer plants, they would have 
preferred to substitute them for the hypothetical figures they have had 
to rely upon. Mr. Emerson Dowson pointed out, in a recent letter to 
the Electrical Times, that although some bituminous producer plants 
were working satisfactorily, in many cases there has been serious 
trouble. Now there is probably no man in this room who knows 
more station engineers than I do, and it would be very difficult for me 
to say which man dislikes work the most, a genuine unemployable or 
a station engineer. Station men won't stand trouble. If there is the 
slightest trouble with plant, they are on the telephone to the con- 
tractor s man immediately. If they meet with serious difficulties they 
will exercise the rejection clause, and even with small ones they will 
make the life of the contractor's man a burden to him. The authors 
will no doubt eventually succeed in getting a big producer station to 
work, but I am afraid they will have a great deal more to put up 
with than I have, and I am rather inclined to think that they will 
find it to be unsatisfactory. 

Mr. J. ATKINSON: I would like to emphasise the statement in the 
last column of Table III., viz., that the average overall efficiency of the 
gas plants summarised is more than twice as great as the overall 
efficiency of the stcam-engine or stcam-turbine plants. "This is а 
somewhat pregnant fact, but sounds no uncertain note. I would also 
like to call your attention to the last two paragraphs in the paper. 
Einphasising the fact that the standby losses are trivial compared to 
those in the steam plant, and also that the size of the station ts a less 
disturbing feature in gas-engine plant than in steam-engine plant, 
I am led to question the statement on page 5, that when the load 
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factor is low it will generally be a mistake to use gas engines. It 
appears to me that the lower the load factor the greater the need for 
gas engines, the more so as it is easier to keep gas producers shut 
down than steam boilers. At the bottom of page 15 the authors speak 
of the difficulty of using gases containing a large percentage of 
hydrogen. This is quite correct, but my experience when working 
engines with different kinds of gas has been that dust has caused more 
trouble and difficulty than hydrogen. I am a little afraid that the 
authors аге not cognisant of some of the most recent improvements in 
connection with producer plant. The latest development has been to 
eliminate one of the parts of the plant. On the diagram shown it will 
be scen that the gas passes by the brown line into the washer, then to 
the ammonia absorber, and then to the gas cooler. For some con- 
siderable time a plant of about 3,000 k.w. working with bituminous 
coal, at Crossley Brothers', Openshaw, has been running with a much 
simpler arrangement, in which the ammonia absorber and the washer 
have been combined in one part, omitting what is shown on the 
diagram as the ammonia absorber. This arrangement has been found 
to extract ammonia with quite as great an efficiency as a separate 
absorber, and it does away with one very expensive portion of the 
plant. There is also a reduction in the space occupied, and only one 
sct of pumps is required. It will thus be seen that, so far as the im- 
proved producer and cleaning plant is concerned, there is practically 
no difference in the cost between a plant with ammonia recovery and 
one without, the same parts being required for both, and only the extra 
parts for evaporating the liquid and extracting the sulphate of ammonia 
being required in the former case. This being so, there would be no 
object in making a part of the plant suitable for extracting ammonia 
and a part not suitable, as in the plant described in the paper it would 
be desirable to extract the ammonia from the gas used during the 
peak load as well as during the lighter load. The elimination 
of the separate ammonia absorber shown in the plan would have a 
material effect upon the estimate of the capital outlay given on page 19, 
in which the difference of the four non-recovery producers with the 
necessary scrubbers, etc., is said to be £10,340, against ammonia 
recovery producers £18,490. Of course some of this latter figure 
includes the plants for evaporating and extracting the sulphate of 
ammonia ; but a large proportion of the difference, some £8,000, would 
be saved, and this saving, combined with the profit on the ammonia 
from the whole of the coal burnt, would make the conditions more 
favourable to gas-engine plants. 

I think the authors have favoured the steam plant on page 27, 
where they have estimated the number of attendants as three firemen 
and nine boiler-house men, against sixteen for the gas plant. Ithink 
the gas plant should be worked with a fewer number of men than the 
steam plant. 

Мг. S. E. FEDDEN (communicated): I cannot agree with the authors 
on page 7 that it is much better to put down cooling towers and use 
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town water, and I think that if I were confronted with that problem Mr. Fedden. 
I should not put down turbines at all, but reciprocating engines. For 
a maximum of 8,050 Км. I should not instal five 2,000-k.w. machines. 
I should prefer two 4,000/6,000 units and two 2,000/3,000 к.м. The 
cost of these four machines, including condensers, pumps, circulating 
pipes, etc., should not be more than £42,000 against the authors’ price 
Of 450,575, made up of the first three items on page 19, and under 
these conditions my steam and coal consumptions would be very much 
less than those given on page 22. My present coal consumption, with 
a much smaller load both as regards maximum demand and load factor, 
is considerably bclow 3 1$. per unit generated, compared with 
the authors’ figures of 3:55 lbs. The authors’ proposal to put down 
twenty boilers of 10,000 lbs. capacity is, I consider, not good practice 
at the present day ; the steam-consumption figure of 20 lbs. per kilo- 
watt generated appears to me a fair estimate if it includes steam for all 
auxiliaries and steam-pipe losses I should, however, propose to put 
down six boilers with a normal capacity of 30,000 lbs., each capable оп 
emergency of steaming at least 50,000 lbs., similar to those I have had 
in use for the past four or five years, at a total cost, including econo- 
misers, Chimneys, fans, foundations, etc., of £21,000, which is £10,000 
cheaper than the authors’ figure given on page 19; and, further, my 
figure includes the foundations, chimneys, and flues which the authors 
have included in the building item of £33,600. These six boilers would 
give you ample running capacity, with spares for repairs and cleaning, 
and by means of the larger units I should gain a still further economy 
in having less radiation, etc., than would be the case with twenty 
smaller boilers. On these two items alone, therefore, I could reduce 
the authors’ capital expenditure estimate for steam plant by £20,000, 
and I believe if I had more time to go carefully into all the other items 
I could bring the total amount of £139,525 to something near £100,000 
for the steam plant. I consider the cooling towers should be struck 
out altogether. The authors have made the standby banking losses 
for the gas plant exceedingly low as compared with the steam, and 
have also apparently made the cost of the cooling water for the steam 
apparatus balance that of the cold water required for cooling the 
cylinders of the gas engines and for use on the producers, which I 
think is hardly fair for the steam argument. 

In conclusion, I think the crux of the whole question as to whether 
one should use gas or steam must Бе settled in each particular case by 
the price of coal and by the load factor on the plant, which must be a 
very big one if it is to equalise the heavy standing charges which would 
have to be met on the large capital expenditure for the gas plant, and 
also the heavy cost of labour of running the same. І note that the 
authors bave thought it wise not to discuss the heavy maintenance of 
the gas engines as compared with the small amount of maintenance on 
steam turbines. 

The Аџтнокз (in reply): In the opening remarks of our paper we | The 
expressed the hope that the hypothetical estimates we were submitting ^"ther* 
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for criticism would prove the means of attracting, as contributions to 
the discussion, evidence based upon actual working experience for and 
against the use of large gas engines. The results in this respect have 
far exceeded our most sanguine expectations. The pros and cons of 
the case have been so fairly and clearly brought out by the different 
speakers that we venture to think the discussion as a whole, which 
expresses the carefully considered and up-to-date opinions of so many 
engineers, will prove useful to all those responsible for the lay out of 
electric generating plant. As the majority of criticisms of our hypo- 
thesis have already been dealt with and replied to by other speakers, it 
would involve uscless repetition on our part to go over the same 
ground again. We propose therefore to depart from the more usual 
practice of replying individually to each speaker, and instead to 
endcavour to summarise and classify the remarks under subject matter 
headings, and will incidentally endeavour to reply to those criticisms 
that have not been dealt with by other speakers. 

Сепеға!.--УГе gather that every spcaker agrees that the question of 
using large gas engines should at least be considered in practically 
cvery future extension of power generating plant. The point upon 
which a difference of opinion exists is as to what are the conditions 
under which the acknowledged advantages of gas engines more than 
counterbalance their admitted disadvantages. This is a point which 
can only be determined by the engineer of each individual scheme 
after a careful study of the local conditions of the case in the light of 
such information as has been brought out in the discussion, or as may 
be available from other sources. 

Capital Charges.—The principal criticism of our estimates has been 
centred upon the relative charges we assumed for initial outlay upon, 
and erection of, plant. Messrs. Addenbrooke, Chattock, Fedden, 
Robinson, Woodhouse, and Watson consider that we have unduly 
favoured the gas plant by estimating the capital charges of steam plant 
too highly. On the other hand, Messrs. Allen, Stewart, and Зећтег 
consider the gas engine estimates equally high. It appears therefore 
that our estimates may have been too high for both, but that they 
were relatively correct. Мг. Pearce's opinion that the cost of the 
steam plant might be reduced to £12 12s. per kilowatt, and the gas 
plant to £15 per kilowatt is of great value, as we believe he has 
rccently obtained actual tenders for both systems. In the amended 
statement we have prepared of the comparative costs of generating 
21,000,000 units per annum by steam and gas respectively we have 
adopted Mr. Pearce's figures for capital charges. We think that 
instead of attempting to arrive at a definite conclusion as to the cost 
of either steam or gas plant, which must necessarily vary with each 
condition, it will be wiser to endeavour to determine what is the 
approximate difference in cost. Our own view is that this difference 
may be taken as being from £2 105. to. £3 per kilowatt in favour of 
steam turbines, though this is a somewhat greater difference than 
Mr. Pearce gives. 
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Cost of Site.—Mr. Watson complains that the cost of land was not 
included in our estimate of capital charges. We endeavoured to 
include a figure for this, but found the cost varied so enormously, 
according to locality, that we concluded it was better to leave this item 
out of both estimates. Mr. McCowen considers that space for cable 
stores, etc., should not have been included in either scheme, and 
expresses the opinion that the space occupied by the steam plant might 
have been appreciably reduced. Мг. Stewart, on the other hand, 
points out that the area occupied by the producer plant might also 
have been greatly reduced. We agree that Бу crowding the respective 
plants into the smallest possible space and ignoring all yard space, 
cable stores, etc., it might be possible to do with some 4,000 sq. yds. 
less for the steam plant than for the gas plant. We think, however, 
that in the majority of positions in which an electric power plant would 
be installed, the annual charges upon this extra land would certainly 
not exceed 1s. per square yard, or, say, £200 per annum. We have 
included this item in our amended comparative statement. 

Cooling Tower Sile.—Messrs. Fedden, McCowen, Woodhouse, and 
Watson criticise our action in assuming that cooling towers would be 
used for condensing purposes. We are still of opinion, however, that a 
cooling tower scheme is the fairest standard with which to make 
comparisons. We might have quoted actual costs of water-side plants 
where the local conditions would have entirely favoured either gas plant 
or steam plant, but we considered that to have done so would have 
been absolutely misleading, and it would have been impossible, 
without full. knowledge of the local conditions, to have applied these 
figures to other local conditions. On the other hand, the cooling tower 
gures are applicable to all schemes, and any engineer will be able to 
amend the estimate to suit his local conditions by cutting out the item 
of cooling towers and inserting his own figure for the cost of obtaining 
condensing water. Wefear that those who have criticised our estimates 
in this respect have jumped to the conclusion that we have aimed at 
proving that gas engines are more economical than steam turbines for all 
purposes, whereas our intention was to mercly put forward estimates 
which, after possible amendments in discussion, might be accepted as 
standard for certain given conditions, and. which were at the same time, 
with slight modifications, applicable to other conditions. 

Size of Unils.—Messrs, Fedden, McCowen, and Woodhouse object 
to our assumption that twenty 10,000-Ib. boilers would be used for the 
steam plant instead of a smaller number of larger capacity. Our reason 
for taking this size of boiler unit in the first instance was that we 
happened to have particulars before us of the actual cost of a boiler 
installation of this size, and we consequently showed this arrangement 
in the general lay-out plan. We afterwards obtained particulars of 
Costs of other installations in which much larger boilers had been used, 
the total cost of which plant, with foundations, erection, and buildings, 
was approximately the same. У/е do not think that the size of boilers 
materially affects the results arrived at. Mr. Fox suggests that a more 
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economical arrangement of the steam turbine plant would have been 
four 2,500-k.w. turbines instead of five 2,000-k.w. sets. This would 
have involved their being built for an overload capacity of 60 per cent. 
for two hours, with the result that the cost of generators would have 
been so much greater that we think no economy would have been 
effected. Мг. Chattock considers that our overload figure of only 
33 per cent. is too high for the same reason. Messrs. Dowson, 
Douglas, Sturgeon, and Sowter think a better case could have been 
made for small gas engine units. Оп the other hand, Mr. Pearce 
considers there is a demand for larger units than any that have yet 
been built. In this connection Mr. Sehmer's remarks respecting the 
8,000- H.P. engines now being desigued by his firm and Mr. Allen's 
information respecting the possible 8,000-H.P. Korting engines, 
coupled with Mr. Booth's remarks re the limitations of sizes of 
cylinders and Mr. Stewart's assurance that there is no great difficulty 
in increasing the output, are interesting. Мг. Fox considers that the 
fact that “а small gas engine will work almost as economically as a 
large gas engine" is against the adoption of large engines, by which 
we presume he infers that large gas engines in public supply under- 
takings will be unable to compete with small suction plants on 
consumers' premises. We would point out, however, that the large 
installation has the great advantage of the possibility of effecting a con- 
siderable saving by recovering sulphate of ammonia, coupled with the 
fact that repairs and maintenance charges will be very much lower on 
the large plant, and finally that labour charges willalso be much lower, 
as one enginc-driver can control a 2,000- H.P. engine, whereas it is 
impossible to do with less than one man for a 50-H.P. engine. 

Ovcrload Capacity.—Messrs. Fox and Watson refer to the advantage 
of the high overload capacity of a steam turbine as compared with the 
IO per cent. overload capacity of a gas enginc. Мг. Sehmer affirms, 
however, that gas engines can be worked up to at least 20 per cent. 
overload. It appears to us that this question of overload is entirely 
a matter of rating, and we cannot understand why some standard 
rating should not be fixed, depending, as Mr. Chattock suggests, upon 
the overload capacity of the generator for a period of two hours. 
If, for instance, this overload, capacity is fixed at 25 per cent., then 
а gas engine or steam turbine for a nominal r,ooo-k.w. set must 
be capable of generating 1,250 k.w. for two hours, and 1,000 k.w. 
continuously. If all prime movers were rated upon this common 
basis, the question of relatively greater or smaller overload capacity 
would not then arise. Mr. Woodhouse expresses the opinion that the 
overload capacity of producers is somewhat limited. On the other 
hand, we have Mr. Humphrey's and Mr. Lymn's views, based upon 
working experience with producers, to the effect that their overload 
capacity is practically unlimited. Тһе fact that the yield of ammonia 
is somewhat reduced during the period the producers are being forced 
is no serious drawback, as it is only in cases of emergency that forcing 
becomes necessary. 
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Combined Steam апа Gas Plant.—Messrs. Dixon, Highfield, Lymn, 
Pearce, Robinson, and Watson all advocate the combination of steam 
turbines and gas engines for dealing with the average load factors 
public supply undertakings usually have to contend with. One object 
we had in view in constructing the curves embodied in Figs. 13 and 14 
was to show that for low load factors and cheap fuel a combined gas 
and steam plant would prove more economical than either steam plant 
or gas plant alone. We were disappointed to find that the results did 
not work out as we had anticipated. We are, however, inclined to 
agree with Mr. Highfield that the majority of central station engineers 
will, in the first instance, use gas engines in combination with stcam 
plant, retaining the latter for the peak load, and using gas engines 
for the flat portion of the curve. 

Producers.—Messrs. Addenbrooke, Woodhouse, and Scaton anticipate 
that troubles may be experienced with producers. On the other hand, 
Messrs. Allen, Lymn, Sehmer, Stewart, and Dr. Drawe quote сх- 
periences which show that there is little or no foundation for these 
fears. Dr. Bowman would prefer to use a large number of 500-Н.Р. 
suction producers rather than the comparatively small number of 
pressure producers proposed. We cannot help thinking that the 
working costs of handling a large number of small producers would be 
appreciably greater than of a comparatively small number of large 
producers. 

Sulphate of Ammonia Recovery.—Professor Threlfall considers that 
our estimate for ammonia recovery is too high for gencral use. On 
the other hand, Mr. Lymn states that 80 to тоо lbs. per ton of coal 
is being obtained in widely different parts of the country. Mr. Allen 
estimates 95 Ibs. of ammonia per ton of suitable coal, and Mr. Stewart 
quotes a yield of 84 lbs. рег ton of coal costing 7s. rid. delivered 
at works. Ав Professor Threlfall points out, the amount of ammonia 
recoverable must necessarily depend upon the composition of the coal, 
and Mr. Addenbrooke makes the valuable suggestion that producer 
makers should prepare a list showing the amount of ammonia recover- 
able from leading classes of coal. To take a conservative estimate we 
have assumed а yicld of only 85 lbs. per ton in our amended com- 
parative statement. Mr. Pearce and Mr. P. Н. Stewart doubt whether 
the price of £11 per ton will be maintained should the supply of this 
by-product become extensive. On the other hand, Dr. Bowman is 
confident that there will be an increasing demand for by-products 
from bituminous producers, and Mr. Sturgcon quotes somc interesting 
figures showing that the price of sulphate of ammonia has stcadily 
risen since the time when Dr. Mond introduced his system of recover- 
ing this by-product. The price upon which we based our estimate 
is considerably below that obtained last year. Mr. Lymn refers to 
an interesting plant that is being erected in Nottinghamshire solely for 
the purpose of recovering ammonia from coal, the bulk of thc gas 
generated being absolutely wasted. Mr. McCowen asks what is the 
minimum size of a generating station in which it would be commercial 
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to recover sulphate of ammonia, and Dr. Bowman puts the minimum 
limit at 4,000 Н.Р. We would add that it is quite as much а 
question of load factor as of size of plant. We are of opinion that with 
a high load factor it would pay to provide for ammonia recovery 
even if the maximum output did not exceed 2,000 Км. It is 
entirely a question of the yield of ammonia being sufficiently 
great to cover the higher capital charges and higher labour 
charges on the recovery plant, which can only be determined 
for cach specific case. Mr. Dixon contends that in a large plant, 
working at a high load factor, the sale of ammonia may amount 
to as much as the cost of fuel, and Mr. Lymn expresses the saving 
as being equivalent to 6s. per ton of coal gasified. Mr. Highfield, 
referring to Mr. Allen's results, quotes a return of 7s. per ton of coal. 
Both Mr. Allen and Mr. Atkinson express the opinion that the whole of 
the producer plant should be equipped for ammonia recovery. We 
think, however, thgt they have not taken into consideration the saving 
in capital outlay that can be effected by combined recovery and 
non-recovery plant. We are of opinion that the difference in yield 
of ammonia effected by using entire recovery plant would be 
insufficient to cover the additional capital and working charges. 
Auxiliary Plant.—Professor Threlfall considers that there is some 
danger of placing too much reliance upon raising the steam required 
for auxiliaries and producers by exhaust heated boilers, whereas 
Mr. Allen recommends that all the auxiliaries should be steam driven, 
and expresses the opinion that the bulk of this steam will be raised 
by the exhaust boilers. We agree with Professor Threlfall that for 
an ordinary public supply load it is necessary to have a very consider- 
able standby to the exhaust heated boilers in the shape of coal-fired 
boilers. This is particularly the case where plants are liable to be run 
for considerable periods on light load, or where the engines arc 
frequently started and stopped. We assumed in our estimates, how- 
ever, that these boilers would be largely fired with the tar residue from 
the producers, and we are very interested to note from Mr. Stead's 
experience that this is being largely done at the Westinghouse works. 
Mr. Stewart also confirms the value of the tar by-product for this 
purpose. In reply to Mr. Sowter's question as to why we have provided 
for steam-driven exciters instead of exciters coupled directly to the 
alternators, we would point out that a considerable quantity of steam is 
required in the producers which need only be at atmospheric pressure, 
and the exhaust steam from the exciting plants serves admirably 
for this purpose after it has done its work in driving the exciters. 
Reliability.—Mr. Pearce's expression of opinion that gas engine 
units may now be considered to be as reliable as large steam units 
is very gratifying, but he, in common with Mr. Watson, who also 
admits the reliability of the gas engine end, queries whether the 
producer end is equally reliable. Messrs. Allen, Humphrey, Stead, and 
Lymn give evidence which should convince sceptics that the gas 
producer is an equally reliable piece of apparatus. Mr. Highfield 
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considers that gas engine designers are still feeling their way. . This 
appears to be a somewhat curious statement to make, taking into con- 
sideration that published returns show that the aggregate output of 
large gas engines of capacities exceeding 1,000 H.P. each, running and 
in course of construction, at the end of last year was considerably over 
1,000,000 H.P.* Messrs. Allen, Handcock, Harris, and Tatlow all 
give evidence, based on actual experience, in support of the reliability 
of large gas engines. 

Parallel Running.—Mr. Humphrey's crank effort and angular 
velocity curves are most interesting, and should prove extremely 
useful, not only to gas engine and generator makers, but also to 
consulting engineers. The greater variation in cyclic regularity on 
full load for a given flywheel effect with quantative governing as соп!- 
pared with qualitive governing is clearly shown in Fig. В. We think, 
however, that the weights of the reciprocating parts which Mr. 
Humphrey has assumed for Fig. B are somewhat greater than is usual 
in modern European design, the result being that at lighter loads the 
cyclic irregularity tends to increase, so that a larger flywheel effect 
would have to be employed. By the use, however, of the more 
moderate inertia forces set out in curves g and h, the irregularity 
decreases at lighter loads, which is a point of some importance. The 
curves in Fig. С, where these smaller inertia forces are premised, 
correspond very approximately with data we have received from gas 
engine makers, and upon which we based our curves. His statement 
that the governing should not be too close to secure satisfactory 
parallel running confirms our own experience. Mr. Chattock's 
testimony as to the satisfactory parallel running he observed in 
Continental gas-driven stations is the more gratifying in that we 
have seen more perfect parallel running with reciprocating engines 
in Mr. Chattock’s station than we believe is obtainable with the 
majority of turbine-driven plants. 

British v. Foreign-made Engines.—Mr. Robinson and Mr. Stewart 
complain that English gas engine builders have not been fairly dealt 
with as compared with foreign builders. We regret that this question 
has been raised, as we carefully avoided all reference to any раг- 
ticular make of engine and endeavoured to confine our paper to the 
broad question of the scope for large gas engines. Since it has been 
raised we must say that we agree with Messrs. Humphrey, Dowson, 
Booth, and Dixon that a visit to the Continent is necessary to sce the 
best practice in large gas engine work. We do not doubt that in course 
of time equally satisfactory engines will be obtainable in this country. 
In fact, one of the objects we had in view in preparing our paper was 
to induce English manufacturers to take an interest in the question. 
We endeavoured to obtain particulars of large gas engine installations 
from all possible sources in this country, on the Continent, and in 
America, and the information received was made usc of without any 
discrimination as to nationality. Some makers in this country who 
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claim to have made numbers of large gas engines intimated that they 


e were unable to help us. Messrs. Mather & Platt and the Westinghouse 


Company sent us photographs of installations they had carried out, 
from which we had slides made and exhibited. They also, in common 
with Messrs. Crossleys, kindly furnished us with particulars of working 
costs, which we made use of in preparing the paper. Amongst others, 
we wrote to Mr. Robinson asking him if he could give us some photo- 
graphs, сіс., of installations carried out by his firm, but as we received 
no reply we concluded he was not able to do so. We have since 
learned from him that our letter was incorrectly addressed, and that 
it did not reach him. We are afraid that we did omit to ask Messrs. 
Beardmores for photographs of thcir engines. 

Thermo-dynamic Efficiencics—The high overall efficiency of a gas 
engine and producer combination as compared with a steam turbine 
and boiler installation appears to be universally admitted. Mr. Wood- 
house complains that Table III., giving the overall efficiencies of a 
number of existing steam and gas installations, does not include his 
own results. The reason of this, as stated in our paper, is that inquiries 
were only sent to steam stations having an output exceeding 7} million 
units per annum, and we gathered from the published returns that 
Mr. Woodhouse's output did not excced that limit. We have added 
to the table results since received from onc of the large powcr com- 
panies, also the London County Council results given іп Mr. Rider's 
recent paper. Mr. Chattock objects to the arithmetical average given 
of the steam plant and gas plant efficiencies in Table III., and con- 
siders that a mean result would have more fairly represented the 
relative efficiencies. In preparing this table we found that dividing 
the total units generated at all the stcam stations and all the gas 
stations respectively into the total quantity of fuel consumed (cor- 
rected according to its calorific value) gave a mean overall thermo- 
efficiency of 7 per cent. for the steam plants and 14:89 per cent. for thc 
gas plants—that is to say, the comparison was more favourable to 
gas than the arithmetical average quoted. We consequently decided 
to show the result least favourable to gas. Messrs. Handcock, Stead, 
Kinsey, and Dr. Drawe all quote interesting experiences of economies 
effected by using gas engines. Mr. Watson and Mr. Fedden suggest 
that the comparison with steam turbines should be based upon the 
assumption that the fuel consumption of steam plants will be nearer 
3 165. per unit generated than the figure we have taken of 3°55 Ibs. per 
unit. We have not yet heard of such а low consumption under actual 
working conditions averaged over a period of 12 months for a plant 
maintaining its supply for 24 hours per day, and having a station load 
factor of less than 30 per cent. We have, however, taken Messrs. 
Watson's and Fedden's figure of 3 lbs. per unit in our amended com- 
parative statement, as we admit that such a figure is within the limits 
of possibility. 

Standby Losses.—Mr. Donkin criticises our allowance for banking 
boilers, and quotes results of some tests made by Sir Alexander 
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Kennedy showing a much smaller fuel consumption for banking. 
On the other hand, Mr. Pearce and Mr. Dowson confirm our figures, 
the former from the result of records taken under actual working con- 
ditions. Mr. Lymn gives results of producer standby losses, obtained 
under actual working conditions over a long period, of less than one- 
half the figure upon which we based our estimate. We are gratified 
that Mr. Taylor and Mr. Addenhrooke approve of our attempted adapta- 
tion of Willans Law as a means of ascertaining the gcnerating plant 
no-load losses. We certainly think that closer attention should be 
paid to the fucl expended іп an average generating station in mceting 
these losses. It is the general custom to refer to the comparative fuel 
or steam consumption of both steam engines and gas engines on full 
load onlv, whereas the no-load losses are really of сама! importance. 
Fig. 10 shows that the no-load losses of gas engines and auxiliaries 
are slightly greater than the no-load steam turbine losses (without 
boiler banking and standby losses) It is evident, therefore, that the 
more fully loaded gas engines can be run the greater the gain in 
economy will be. Mr. Douglas suggests that the no-load losses аге 
of no great importance from an economical point of view, as gas 
engines are never run for more than a few minutes per day on no 
load. He apparently has not appreciated the fundamental principle 
of Willans’ Law, which is that if the no-load and full-load consumption 
of a generating plant are known the approximate consumption for any 
intermediate load can be readily determined. We fear that Mr. Pearce 
has misunderstood our figure of 1 Ib. of coal per unit generated (esti- 
mated fuel consumption for gas plant, page 25). This figure applies 
to the extra or make-up units. For instance, a 2,000-k.w. gas plant 
fully loaded will consume, say, 3,000 Ibs. of coal per hour ог 1:5 165. per 
unit The same plant generating 500 k.w. will consume 1,500 lbs. per 
hour or 3 165. per unit. It follows, therefore, that the fuel expended in 
generating the extra or make-up units will be 3,000 — 1,500 == 1,500 lbs. 
for the 1,500 units, or 1 lb. per unit. Mr. Atkinson questions our con- 
clusion that it is a mistake to use gas engincs on a low load factor if 
cheap fuel is obtainable, as he contends that it is on low-load factors 
that the elimination of heavy boiler standby losses becomes morc pro- 
nounced if gas engines are used. The point we wished to make was 
that although the fuel consumption of a gas plant will be much lower 
than that of a steam plant, even on a low load factor, the capital 
charges will be so much higher that the saving on the fuel bill will 
in such cases often be insufficient to cover the extra interest and 
depreciation. charges. 

Cost of Fuel—Mr. Woodhouse and Mr. Watson suggest that a 
cheaper coal can be used for raising stcam than would be requircd for 
use in producers. On the other hand, Messrs. Sehmer, Lymn, Douglas, 
and Stewart give experienccs of the use of a lower grade coal in pro- 
ducers than would be considered satisfactory for use under boilers. 
In connection with this Mr. Sturgcon's remarks re the use of peat with 
accompanying high ammonia recovery are interesting. Mr. McCowen 
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suggests that the comparison should have been made with coal costing 
8s. per ton, but he apparently overlooks the fact that in London a good 
steam coal usually costs more than 12s. per ton, and the average cost 
throughout the country would certainly be much more than the figure 
of 8s. hc suggests. 

Batteries combined with Gas Engines.—We have been very interested 
in the remarks of Mr. Taylor and Mr. Stewart respecting the use of 
batteries for dealing with the peak load, thereby reducing the capital 
outlay on generating plant and feeders and improving the load factor. 
Any development that achieves these objects must materially forward 
the large gas engine movement. The inefficiency of the battcries, 
which used to be considered an insurmountable objection to this 
proposition in connection with steam plants, practically disappears 
now that prime movers can be obtained consuming not more than 
I 16. of coal per “ make-up” unit generated. We are unable to entirely 
follow Mr. Taylor's reasoning as to the saving in fuel effected, but 
we agree that by adopting his principle it is possible to save at least 
1,600 tons of coal per annum upon the hypothetical scheme on which 
our fuel for gas plant was based. We have taken advantage of this 
suggestion in the amended comparative statement submitted. Another 
advantage incidental to the principle is that whereas the total fuel con- 
sumed is about 10 per cent. less, the sulphate of ammonia recovered 
will be greater because the whole of the producer plant will be 
“recovery” and not half “ non-recovery" as in our original proposal. 

Gas-fired Boilers.—Mr. Woodhouse and Mr. Addenbrooke raise the 
question as to the advisability of putting down ammonia recovery pro- 
ducers to generate gas to be burned under boilers. In reference to 
this suggestion, we would refer to Mr. Bryan Donkin's book on ** Gas 
and Oil Engines," on page 242 of which the following appears: “ The 
same quantity of gas will give 1 H.P. when used to heat a steam boiler 
for 4 fairly good steam engine, and 5 Н.Р. when fired direct in а gas 
engine cylinder," Whilst better results can doubtless now be obtained 
with steam plant than at the time the above was written, we are still 
of opinion that gas used for raising steam for the most economical 
steam engine that has yet been introduced would give less than опе- 
third of the power obtainable from the gas used in an internal com- 
bustion engine. We also think that the capital outlay on producers, 
boilers, and steam engines would amount to more than that of 
producers and gas engines alone. Finally, repairs and other working 
expenses would undoubtedly be heavier for the gas-steam scheme than 
for gas alone. 

Repairs.—Messrs. Woodhouse, Fox, and Pilditch express the opinion 
that repairs to gas plant will be higher than steam plant repairs, and 
Mr. Pearce considers our estimate for steam plant repairs 25 per cent. 
too high. Mr. Chattock, after inspecting a number of German gas- 
driven installations, anticipates that the repairs to gas engines will not 
be appreciably greater than repairs to steam plant, though he thinks 
producer repairs may be heavier, Professor Threlfall also criticises 
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our estimate for producer repairs, but Messrs. Allen, Stead, and Lymn 
give results which confirm our estimate. Мг. Miaskowski gives results 
of a number of recorded repairs costs of several actual gas installations 
which appear to point to our estimate being much too high, and Mr. 
Sehmer offers to:guarantec that the total cost of repairs of a 10,000-k.w. 
installation will not exceed £2,500 per annum, as against our estimate 
of £4,000. Mr. Stewart and Mr. Robinson also give some particulars 
of actual gas plant repairs which justify our estimate. Our own con- 
clusions are that it would be safe to put the total cost of repairs of 
cither steam plant or gas plant at £3,000 per annum, and we have 
taken this figure in our amended estimate. 

Oil.—Mr. Stewart and Mr. Miaskowski both consider our estimated 
oil consumption for gas plant too high. We admit that our figure was 
in excess of working results given us by several users of large gas 
plants, but as our policy throughout has been to endeavour slightly to 
under-estimate steam costs and over-estimate gas costs, we have still 
retained our original figure in the amended estimate. Mr. Handcock 
also gives the actual cost of oil and stores of a 150-k.w. gas-driven sct. 

Cost of Water.—Messrs. Chattock, McCowen, Pearce, Sowter, Wood- 
house, and Watson all consider that our estimate for make-up water is 
too high. We can only say that this estimate was based upon figures 
given us by makers of condensing plant of the quantity of circulating 
water required to maintain a 27-in. vacuum, and it was assumed that 
3 per cent. of the water circulated would be evaporated partly as 
steam and partly by natural evaporation. The rate of 6d. per 
1,000 gallons was based upon a rate Mr. McCowen himself had given us 
a few months сагПег in connection with an inquiry for gas engines. 
We agree, however, that in the majority of cases it would be possible 
to drive a well and pump the water required at an inclusive charge of, 
say, 2d. per 1,000, and in our amended estimate we have reduced 
the water charge to one-third of that given in our original estimate. 
Replying to Mr. Chattock’s inquiry, the item for water includes the 
make-up water for boilers as well as the make-up cooling water. 

Interest апа Depreciation.—Mr. Allen expresses the opinion that the 
depreciation of gas plant should be no greater than that of steam plant. 
Mr. Douglas considers 10 per cent. а correct amount to allow for interest 
and depreciation, but Mr. Fox and Mr. Woodhouse advocate a higher 
figure, presumably for both gas and steam plant. Mr. Pearce suggests 
an equated figure of 81 per cent. for both раз апа steam, which we поје 
corresponds very closely with the average interest and sinking fund, 
or interest and depreciation, set aside by the various municipal and 
electric company undertakings in this country who publish their 
returns. We have, therefore, adopted Mr. Реагсе 5 figure іп our 
amended estimate. 

Labour.—Mr. Fox considers our labour estimate for gas plant too 
low. On the other hand, Mr. Atkinson thinks our cstimate too high. 
Mr. Allen suggests the employment of an expert chemist to obtain the 
best ammonia recovery results, but Mr. Lymn contends that а good 
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tester, with some chemical works experience, at 30s. ог £2 per week is 
all that would be required. Mr. Highfield considers one of the greatest 
drawbacks to the use of large gas engines in this country to be the 
difficulty of obtaining workmen experienced in the handling of such 
plant and of getting engineers who have any knowledge of internal 
combustion engines. This same objection was cited when steam 
turbines were first introduced. Surely it will not be suggested that 
such trifling difficulties as these will seriously retard the introduction 
of an improvement which will, if it is not first superseded by some 
other invention, ultimately effect a saving in the consumption of many 
millions of tons of coal per annum. 

An amended comparative statement of total running costs of 
generating 21,000,000 units per annum with 24 per cent. load factor, 
rcvised in deference to opinions expressed in the discussion, is shown 
here :— 


Gas | Steam 
Ж £ 
Total cost of coal at 12s. per ton.. 11,320 16,750 
Less sale of sulphate of ammonia es 5870 | — 
Net cost of coal £5,450 | + 16,750 — 
Oil, waste, and stores бе ches 1,345 | 438 
Water -— 462 sie i ёз 185, 850 | 
Labour - we A = 3,180 ` 2,590 
Repairs 3,000 3,000 
Extra ground rent . 5 200 | -- 
Interest and depreciation at 81 рег cent. 12,750 10,700 
£26,110 | £34,328 | 
Total cost per unit 0'2994. O 393d. 


Cost of generating power by steam under conditions specified 


= 31'5 per cent. greater than the cost of generating by gas. 


Тһе PRESIDENT: 


It is now my very pleasant duty to propose a 
hearty vote of thanks to the authors for their paper. 
The resolution of thanks was carried by acclamation. 
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Proceedings of the Four Hundred and Eighty-ninth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, - 
February 25, 1909—Mr. W. M. Мокреу, Pre- 
sident, in the chair. 


The minutes of the Ordinary General Meeting, held on February 11, 
1909, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was announced as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members :— 


Ernest William Dean. William C. Martin. 
William Henry Heaton. Frank J. Robins. 


From the class of Associates to that of Members :— 
P. P. Wheelwright. 


From the class of Students to that of Associate Members :— 


Ashford V. Clarke. Richard W. Gregory. 
Geo. Guy Ewer. Percy H. Harding. 
Samuel K. Ferrier. Eric M. Hayward. 
Henry Firth. Gurth Johnson. 
Joseph Goodman. R. J. Kaula. 

Thomas F. Lee. 


Messrs. L. T. Healy and E. M. Sellon were appointed scrutineers of 
the ballot for the election of new members, and, at the end of the meet- 
ing, the following were declared to have been duly elected :— 
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ELECTIONS. 


As Associale Members. 


John Holiday Adamson. James Ernest MacEwan. 

Hugo Aldum. Archibald Page. 

William Kennedy - Lauric Charles Thomas Peacock. 
Dickson. John William O. Sandell. 

Alfred Dover. Ernest Edward Sharp. 

George John MacDonald. John Shaw. 


As Associate. 
Arthur David С. Parsons. 


As Students. 


Adam Charles E. Anthony. | Basil Widenham Leak. 
Rex Thomas Challoner. | Douglas Harold Linsley. 
William Gibson Covell. Henry James Loughlin. 
Norman Benjamin Deane. William Mark. 

William Anderson Douglas. Frank Percy Matthews. 
Clarence Reginald Ford. Alan Gordon Mitchell. 
Frank Theodor Gerstenberg. Frank Oglesby. 

Andrew Thomas Gilbride. William Parry. 

Percival Grice. - Leonard Stanley Payne. 
Walter John Hannah. Stanley Herbert Pook. 
Leonard Victor Hart. Henry Roberts. 

Andrew Henderson. Gesner Sharples. 

Eric Rodney Hillman. Wallis Sherley-Price. 
Daniel Jackson. Alfred Smellie. 

Stanley Johnson. George Caswell Smith. 
John Herbert Jones. Wei Shan Tcha. 

William Pitcairn Kemp. Robert Thomson. 
Eruest Walter Knott. Edward Falkland Turner. 


Thomas Henry Уагсое. 


Donations to the Library were announced as having been received 
since the last mecting from Sir J. W. Barry, K.C.B., Messrs. А. Con- 
stable & Со. Ltd., U. Crudeli, A. E. Kennelly, M. Solomon; to the 
Building Fund from А. А. Crawford, Professor J. Epstein, J. К. Gillman, 
Н. D. Symons ; and to the Benevolent Fund from В. J. Wallis-Jones, to 
whom the thanks of the meeting were duly accorded. 

The discussion (see page 51) on Messrs, Andrews and Porter's 
paper, “The Use of Large Gas Епріпсѕ for Generating Electric Power," 
was concluded. : 

Тіс meeting adjourned at 9.40 p.m. 
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Proceedings of the Four Hundred and Ninetieth 
Ordinary General Meeting of the Institution of 
Electrical. Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
March 11, 1909— Мг. W. М. Мокреу, Pre- 
sident, in the chair. 


The minutes of the Ordinary General Mccting held on February 
25, 1900, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was announced as having been 
approved by the Council :— 
TRANSFERS, 
From the class of Associate Members to that of Members :— 
Charles Furness. | William McLellan. 
Wm. Henry F. Murdoch. 
From the class of Associates to that of Associate Members :— 
Frederick Jas. Hughes. | Norman Wells. 
Geo. Scovell Whitmore. 


From the class of Students to that of Associate Members :— 


Norman Cressy Bridge. Alan Faraday С. Pollard. 
Geo. Stratton Cross. Wm. Ernest Poole. 

John Dobson. Samuel Ernest Povey. 

Chas. Marriott Dowse. Frederick Pritchard. 

Wm. Gordon Guns. Thos, Nixon Riley. 

Wm. Ernest Hean. Grout Benjamin D. С, Saw. 
Clive Bredall Hobson. Harold Thorpe. 

Randall Garfield Hosking. Hildred Edward Webb-Bowen. 
John Ernest Malcolm McGregor. Richard Westbrook. 

Geo. б. Mallinson. Henry Wilkinson. 

Frederic Auber Menzies. Wm. Sydney Wright. 


Douglas Wm. Munton, Arthur Zoller. 
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Messrs. E. |. Farrow and C. W. Fourniss were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
тее пр, the following were declared to have been duly elected :— 


ELECTIONS. 


As Member. 
Henry James Shedlock Heather. 


As Associale Members. 


Arthur Henry Atkins. Arthur Leslie Hargrave. 
John Robert Bradley. Henry Anderson Hiorns. 
Arthur Crawford. Charles Stanley Mallett. 
William Henry Duffctt. William Middleton. 
Henry Shoolbred Fox. Herbert John Mills. 


Walter Thomas John Woodcock. 


As Associale. 
George Hugh Cutbush. 


As Sludents. 


Albert Bannister. Edward Jonas. 
George Charles Alex. Chignell. Edward Leslie S. Minors.. 
Herman Richard Constantine. . Francis Leonard Pedley. 
Harold Vincent Chandos Cotton. Harry Milne Schofield. 
Geoffrey Ambrose Houghton. Oliver Thornycroft. 
Frank Jackson. Frederick Tyrrell. 

Arthur Welch. 


Donations to the Library were announccd as having been received 
since the last meeting from А. G. Bell, A. P. Haslam, W. Н. Patchell, 
1. Н. Walter; to the Building Fund from Н. C. Channon, A. Eden, 
J. С. М. Matthews ; and to the Benevolent Fund from 5. Е. Britton, 
J. Gilligan, J. В.Р. Lunn, S. Sharp, J. Н. Woolliscroft, to whom the 
thanks of the meeting were duly accorded. 

A paper (sce page 113) by Mr. E. A. Watson, B.Sc., entitled “The 
Diclectric Strength of Compressed Air,” was read and discussed. 

The mecting adjourned at 9.45 p.m. 
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THE DIELECTRIC STRENGTH OF COMPRESSED 
AIR. 


By E. A. WATSON, B.Sc.Eng., Student. 


(Received December 1, 1908, and read in London on March 11, 1909. 


CONTENTS. 
Scope of investigation. 


Discussion of the best form of electrodes to be used for the determination. 

The corona: Theory of its formation ; relation of theory to actual results. 

Description of experiments carried out, comprising alternating and direct- 
current tests. 

Difficulties experienced with high-tension condensers. 

Results of measurements made, showing the effect of shape of electrodes on 
the sparking voltage. 

Values of the dielectric strength of air at various pressures deduced from the 
measurements. 


The Dielectric Strength of Compressed Air.—The following experi- 
ments were made by the author with the object of determining as 
accurately as possible the manner in which the dielectric strength of 
air changes when it is compressed to pressures higher than atmospheric, 
chiefly with a view to its employment for the insulation of certain 
classes of high-tension apparatus for which oil or other insulation 15 
not suitable. 

Although the statement is generally found that “the dielectric 
strength of air is proportional to its pressure,” yet actual measure- 
ments are very scanty and incomplete, covering cither only low voltages 
or else only small increases of pressure above that of the atmosphere. 
The measurements made were therefore designed to carry the air 
pressure up to 200 lbs. per square inch (say 15 atmospheres), and 
to such a voltage that the readings obtained should truly represent the 
dielectric strength of the air itself, and should not be complicated by 
effects having their origin at the surface of the electrodes. 

Electrodes Used.—For obtaining the diclectric strength of the air 
spherical electrodes were employed. These have the advantage that 
the maximum dielectric stress is calculable when the voltage, distance 
apart, and diameter of the sphere are known. In а paper by Dr. 
Russell on the “ Dielectric Strength of Insulating Materials” * the 
following formula is given :— 


т 
К=-/ 
X 
* Journal, Institution of Electrical Engineers, vol. де, part 187. p. 6. 
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where R is the dielectric stress at the surface of the sphere, v the 
potential difference between them, x their distance apart, and f a 


function of 5, а being the radius of (һе spheres employed. 


The values of f for different values of 5 are given by him in the 


paper above referred to, and have been used in this work for deriving 
the true dielectric stress from the observed breakdown voltage. 

Of course, if electrodes could be used consisting of large planes, 
there would be no need for thus deriving the dielectric strength, as the 
dielectric strength would then simply reduce to the ratio of breakdown 
voltage to distance apart, but in practice this is not possible as the 
edges of the planes would afford a region of maximum stress in which 
all the sparking would take place. 

Points also, although adopted by the American Institution of Elec- 
trical Engineers as a standard form of gap, are not to be recommended, 
as the point is always surrounded by a body of disrupted air of 
uncertain shape and dimensions. 

Dr. Russell has shown theoretically іп the case of a зрћепса! 
electrode that if x < 2а disruptive discharge will ensue as soon as the 
maximum dielectric stress at the surface of the spheres reaches the 


dielectric strength of the air; that is to say that if x < 2а es is positive, 
‹ 


whereas И x > 2а a is negative, and the first effect which occurs if 


the dielectric stress exceeds the dielectric strength is not as before a 
disruptive discharge, but is to cause a zone of disrupted air to form 
around the sphere increasing its virtual radius so as to diminish R and 
reach a stable condition. As V increases the radius of this zone grows 
larger, until a point is reached where A passing through zero reaches 
a positive value. When this occurs discharge will take place. This 
theoretical result is supported by consideration of any batch of spark- 
length voltage curves for spherical electrodes. 

If ме take any such series, and choose some distance apart of the 
centres of the spheres, we can from the curves determine the break- 
down voltage for any sphere placed on those centres. This will 
generally be found to have a maximum value when the distance apart 
of the spheres is approximately equal to their diameter—i.e., when 
х==2а. 

Hence we should expect that as soon as the distance apart of the 
spheres exceeded their diameter, a corona or zone of disrupted air 
would form before actual disruption took place, and the relation 
between the voltage and gap length would change. 

Тһе following reasoning will show that when conditions are such 
that a corona is formed before the actual discharge occurs, the curve 
connecting spark length and voltage should be a straight linc. 

Consider a spark-gap formed of two spheres of diameter less than 
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the distance apart—i.e., consider the case when + > 2а. Suppose the 
voltage is gradually raised. At a certain definite point the layer of air 


adjacent to the electrode breaks down. As, however, HE is negative, 


this breakdown has the effect of diminishing the maximum stress so 
that there is no actual discharge. This is the point at which the 
corona begins to form. As the voltage is raised the size of the corona 


é Аа ., 4R : 
increases until a point is reached for which ay becomes zero. For 


е в • dR e . 
any further increase іп corona diameter d would be positive, hence 
€ 


we have reached a point at which any expansion of the corona would 
increase the maximum dielectric stress, the condition of affairs becomes 
unstable and disruptive discharge takes place ; the diameter of corona 


for which the value of ақ becomes zero always bearing the same 


ratio to the length of the gap. 

Hence whatever the gap length, provided it is sufficient for a 
corona to form, the actual disruptive discharge will take place not 
from the surface of the clectrode itself, but from the boundary of a 
corona whose diameter is a fixed proportion of the distance apart of the 
centres of the spheres. Hence a large gap is but a magnification of 
a small one, and the voltage required to break it down will also be 
magnified іп the same proportion, 

It was actually found, however, that although if the voltage was 
sufficiently high a corona could be obtained, and that when this 
was the case the shape of the curve changed; yet this did not take 
place until the distance between the electrodes was many times greater 
than that given by the theory. 

This is well shown in Fig. 1, in which are given the curves obtained 
for spheres of radii 1:27 ст. (0°5 іп.), 03175 cm. (0'125 in.), and 071588 cm, 
(0°0625 in.) respectively, and also for needle-points. It will be noted 
that :— 


(a) The needle-point curve is a straight line, "This could be 
predicted by exactly similar reasoning to that given above 
for the case of a sphere enveloped by а corona, Іп fact, it 
is the limiting case of this when the sphere becomes very 
small. 

(b) The curves for the three different sized spheres all start off 
with the same initial slope, and are for the first part of their 
course very nearly straight lines. They soon begin, how- 
ever, to droop away from this line, the ones of smallest 
diameter drooping the most. 

(с) The curve for the smallest spheres after cutting the needle. 
point line turns up again, and appears as if it were running 
towards the needle-point line as an asymptote. (It was not 
possible to carry the voltage any higher, for reasons to be 
afterwards described.) 
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Fic. 1.—Showing cffect of Electrode Shape on Breakdown Voltage. 


(с) The curve for the next largest spheres also cuts the needle- 


point line, and it is probable that if the voltage could have 
been carried higher it, too, would have turned up again. 
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(/) Experimental limitations rendered it impossible to carry the 
curve for the largest electrodes to the same relative stage as 
the other two, but it can be scen that it was bending so as to 
eventually cut the necdle-point line. 


It was, moreover, observed during the experiments-that the first 
visible appearance of a corona coincided with the point at which the 
curve commenced to turn up again, and occurred at or about the point 
where it cut the needle-point line. 

To a certain extent these results are in accordance with theory. 
For example, the turning up predicted by the theoretical considera- 
tion. It is, however, to be noted that if we assume the corona 
surrounding the needle-points to be circular in shape then the 
curves for the spheres should not cut the needle-point line. If the 
curves for the spheres were shifted to the right by an amount equal 


fFF т SET < 
Аалы FE Desam ) 
Нұ 2 АП i 
A N 
F | | 
[ A 
f | || 
f [ | 
| Ebonite | | - 
) | | | 
К ] pu T ЧАА ; AHH 
€ t —= о - —— | fi Y | _—— 1—1 
emm eU [ШЕ 
~. ИВ Window 1 
| "T | 
= р | 


a | 
Fic. 2.—Arrangement of Spark-gap. 


to the diameter of spheres employed, then the straight line to which 
the curve eventually tends should coincide with the needlc-point linc. 

The chief discrepancy, however, lies in the fact that the gap at 
which the corona was first observed, and for which the curve first 
showed signs of turning up, instead of being equal to the diameter of 
the spheres employed, was in the case of the smallest spheres about six 
times as great. 

It is difficult to explain why this should be so. It appears to point 
to the possibility that the layers of air near the surface of the electrode 
have a greater dielectric strength than the main body. At all events, 
this is a possible explanation. It has been found by various cxperi- 
menters that, except for sparks of microscopic length, the metal of 
Which the electrodes are composed has no influence on the breakdown 
volts, so that the explanation can hardly be sought here. 

With this exception the results of the experiments agreed very fairly 
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indeed with theory. This was especially the case with the values of the 
maximum dielectric stress as deduced from the breakdown voltage, 
with the aid of Russell’s formula, the results rarely differing from 
the mean value by more than 1 per cent., and then only in an irregular 
way, evidently due to errors of measurement, provided that the gap was 
not too small. 

With these introductory remarks on the question of the electrodes 
we will now describe the method of measurement adopted. 

Two sets of measurements were made, with alternating-current 
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pressures derived from a step-up transformer and with direct-current 
ones from an influence machine. 

In both sets the same spark-gap was employed, a scale drawing of 
which is shown in Fig. 2. It simply consisted of a cast-iron case fitted 
with removable ends, and equipped with observation windows and 
fittings for pressure gauge and inlet valve. The pressure could be 
raised to 200 lbs. рег squarc inch without unduly stressing any part. 
The electrodes меге mounted on rods carried through ebonite bushings 
in the ends of the case, and kept tight by small glands with soft pack- 
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ing inside the bushing. As the amount of movement required was 
slight, elaborate packing was not needed. The distance apart of the 
electrodes was obtained by means of readings with an inside micro- 
meter between points on the end of the bushing and a collar on the 
rod. Two points at opposite ends of a diameter were employed іп 
order to detect and allow for any bending of the rod. 

In order to tell when the electrodes were in contact a telephone 
and single Le Clanché cell were employed. By this means one could 
set them with care to within (45355 in.—that is to say, successive 
settings to zero, if carefully done, agreed to within this amount. 
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A datum reading being taken with the electrodes in contact, their 
distance apart could always be obtained provided the air-pressure in 
the case was the same. Тһе case, it was found, stretched о'оот in. for 
every 40 lbs.air pressure, so that one had to be careful to allow for this, 
as otherwise serious errors might be introduced. 

The air to be tested was stored in two large stecl tanks many times 
the capacity of the case. After allowing it time to settle it was drawn 
through a tube containing dry calcium chloride in order to remove any 
water vapour, and then through a plug of asbestos in order to remove 
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any particles of dirt or CaCl, which might have been carried over 
with it. The tests are thus intended to represent the behaviour of dry 
air, and the results might be slightly modified if water vapour were 
present. 

As already mentioned, measurements were made both with alter- 
nating and direct currents, the object of this being partly to see if 
it was possible to ascertain whether the maximum voltage of the 
alternating wave corresponded exactly to the direct-current voltage 
required, and partly because the method of measurement employed 
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for the direct-current measurements was not applicable below about 
20 kilovolts. 

In the alternating-current measurements the maximum voltage was 
either obtained by multiplying the effective voltage by the amplitude 
factor obtained by a large Joubert disc, or later the maximum voltage 
was read directly by means of an clectrostatic voltmeter connected 
across a condenser, charged by means of the Joubert disc at the correct 
point in each revolution of the alternator, the contact-maker being 
moved round until a maximum reading was obtained. 

The voltage was read on the primary side of the transformer. 
This was, however, a fairly large one of the core type with a good 
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magnetic circuit, and as it was оп по load it had a negligible voltage 
drop. The secondary was divided up into ten sections, so that the 
voltage ratio was obtained accurately while working in the region of 
its normal flux by measuring the ratio of each section independently. 

The ratio of the transformer was 104'5 to 1, the frequency of 
supply 50 cycles per second, and the maximum effective voltage 
20,000, which with the wave shape used (a very peaked one) corre- 
sponded to а maximum voltage of about 32,500 volts. 

Direct-current Measuremenls.—These were intended to range up- 
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wards from about 20,000 volts, i.e, rather less than the maximum 
limit of the alternating-current tests to as high a voltage as could be 
obtained. 

For measuring the voltage, the method described by the author in a 
Previous paper * was employed slightly modified and improved. 

The method, it may be mentioned, consists in connecting two con- 
densers in series across the spark-gap. These condensers have their 
Outer Coatings connected to some form of micro-ampere meter, which 


* Journal, Institution of Electrical Engineers, vol. 37, part 180, p. 295. 
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is shunted by a small spark-gap of a few thousandths of an inch, while 
choking coils are interposed between the condensers and the micro- 
amperemeter. 

The charging current of the condensers being a steady flow, passes 
through the micro-amperemeter and deflects it; the discharge, being 
oscillatory, jumps the auxiliary gap and is not recorded. Hence we 
are enabled to measure the charging current. Knowing the capacity 
of the condensers and the frequency of the sparks, the voltage is 
readily calculated. 
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The only objection to this method was that as no influence machine 
gives a current quite independent of the voltage (although in some 
cases it is nearly so), unless the micro-amperemeter was very sluggish 
the reading obtained was not quite steady. 

In order to overcome this difficulty the arrangement shown in Fig. 3 
was adopted. In this arrangement two high resistances of about o°5 
megohm each were connected in series with the micro-amperemeter, 
one on either side, so as to secure symmetry. These, with the normal 
current of the machine, gave a pressure drop of about 8 to 10 volts. 
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Across this combination was connected a condenser of about 15 micro- 
farads capacity, and of a leakage resistance of some thousands of 
megohms. This arrangement acted as a store for a considerable 
quantity of electricity, so that a perfectly steady deflection readable 
to | of 1 per cent. could be obtained. 

À great deal of trouble was experienced with the high-tension con- 
densers. If a high order of accuracy is to be obtained it is essential 
that the spreading of the charge at the edge of the coatings observable 
10 any ordinary condensers should not be allowed to take place, as it 


40 
REOS ER ERR DE А У E GE DEUS ЕРУ 
ERE Д О RES АЈ ЕЈ EUER UR 
КЕРИ КИ ИЕ ШИН 
НЕНБИИИМИБЕИКИКЕ ИЖ ЕУЛИЕ 
(ie P Een aar Eq ЕР ee 
alt EE ru 
ys) ИШИНЕ ШИШИШИ NEU ZEE 
За ие а 
ТАЕ БАВЕ aes 
= 20 аша IEEE 
в MN a ВА АЕ В ЖЕЛЕ 
2 16 pa ee puo sees 
mu У о А E ra 
“Б ПИ ПИ А ДЕ ИБНИ В В ИЕ 
‚ШШЕ ЕШШ РА В RU 
: [SLE peo psp 8 
E ЖИШШ БИ ЕИ ШЕЕ СТАЈАО 
КЕШЕ Енш ЕЕ Еа 
i HHH HAE 
А ЕЕЕ ЕЕ 
8 12 гб 20 24 2:8 22 >6 49 


Зрагк length, cms. 
Fic. 8.—0'3175 cm. Spheres, Alternating Current. 


Means an increase of capacity at high voltages, introducing errors іп 
the results. Also it is important that the leakage current passing 
through them should be negligible compared to the charging current. 

The first condensers employed consisted of ebonite sheets coated 
on both sides with tinfoil and immersed in insulating oil. It was 
found, however, that these leaked very badly, the current passing 
through the oil itself. Various kinds of oil were tried, but even the 
best insulating oil seemed to pass sufficient current to cause large 
еггогѕ which could not be corrected for. Тһе next condensers used 
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were made of ebonite tube 4 in. thick and 3} in. inside diameter, 
coated inside and out, but with the inside coating considerably shorter 
than the outside one. They were closed up at the bottom and filled with 
insulating oil. The oil stopped thc spreading on the inside, and the 
greater length of the outside coating relieved the dielectric stress at the 
edges and prevented it on the outside. 

These condensers, however, were short-lived, as after being in 
service a few minutes they broke down, the puncture occurring at the 
edge of the inside coating where the dielectric stress normally re- 
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FIG. 9.—0'3175 cm. Spheres, Alternating Current. 


lieved by the spreading had been concentrated by the use of oil. 
Next some Moscicki condensers were obtained. These, as is well 
known, consist of glass tubes with thickened ends, the thickening 
serving to reduce the potential gradient at the edges. These stood 
the voltage without puncturing ; but, unfortunately, passed a leakage 
current which, although not of importance in enginecring work, was 
yet sufficient to affect the proposed measurements. Glass, in fact, 
although excellent as regards its dielectric strength, is not as a rule 
from the point of view of insulation resistance anything like as good 
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as ebonite, and it is probable that it was through the glass of the 
condensers that the leakage took place. 

The next condensers used were similar to the second ones, 1.е., they 
consisted of ebonite tubes coated inside and out, and filled with oil, 
but the thickness was increased to 8 mm. These are shown in Fig. 4. 
For a long time they answered satisfactorily, but eventually punctured 
at 75,000 volts. The puncture was repaired, and they were used for all 
the direct-current measurements given. Their breakdown at 75,000 
volts or 37,500 volts on each may seem surprising considering the 
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great thickness of ebonite used, but shows what may happen when the 
dielectric stress is concentrated by a sharp edge as in this case. An 
endeavour was made to carry the voltage higher by using condensers 
employing compressed air as the dielectric. The plates of these con- 
densers were of tin-plate, edged by a beading of brass wire so as to 
cover up all sharp edges, and placed in a cast-iron case containing dry 
air at a pressure of 200 165. per square inch. These were designed to 
carry 100,000 volts each, but although they did not break down they 
passed such a large leakage current as to be quite useless. This 
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leakage current is probably due to almost microscopic particles of 
dust settling on the plates and acting as sharp points from which a 
brush discharge takes place. No amount of filtering and cleaning 
served to entirely get rid of this trouble, and their use had to be 
abandoned. It is not likely, however, that anything would have been 
gained by taking the voltage above that attained by the use of the 
ebonite condensers, as there із no reason for doubting that the same 
laws would hold. The measurements are therefore left at this 
point. 
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Measurements Made.—Figs. 5, 6, and 7 show the curves obtained with 
spheres т in. diameter using alternate current. They are very nearly 
straight lines, as the distance apart was in all cases, except that at 
atmospheric pressure, small compared to the diameter of the spheres. 
Figs. 8, 9, and ro, which give the results obtained with 1 in. (0/3175 cm.) 
spheres, are of more interest. In these the curves which are nearly 
straight lines at the high air pressures where the spark length was 
small, bend over more and more as the pressure is lowered and «ће 
spark’ length corresponding to a given voltage increased. These 
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curves show that one must beware of making the statement which is 
sometimes done that the spark length is inversely proportional to the 
gas pressure. Such a statement only applies when the radius of 
curvature of the electrodes is indefinitely large. 

To take an extreme case, we see from reference to the two curves 
in Fig. 8 that a voltage of 24 kilovolts will spark 2°53 cms. at atmospheric 
pressure, but only 0:26 cm. or little more jsth of this amount under а 
pressure of 2:58 atmospheres or 23 lbs. per square inch. Hence under 
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FIG. 12.—2:54 cm. Spheres, Direct Current. 


certain conditions a small increase in the air pressure will effect a very 
great decrease in the liability to breakdown. 

Figs. 11 and 12 show the curves obtained with the larger spheres 
using direct current. The fact that although taken with higher 
voltages these are much nearer to straight lines than the corresponding 
alternating ones, is probably due to the distance in the case of the 
alternating ones being small. The direct-current curves give a value 
for the dielectric strength not varying more than 1 per cent. from the 
mean forany batch of curves. Indeed, the maximum variation was 
generally nearer j per cent., while the alternating curves did not do so, 
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but gave a value which decreased as the gap length increased. It 
should be noted that the direct-current voltage distance curves appear to 
radiate from a point whose ordinate is about 3 kilovolts, The alternating 
tests appear to show that they do not really pass through this point but 
bend round and cut the axis at a value considerably lower than this. 
(Note : Minimum voltage required to produce a spark in air.) 

Figs. 13 апа 14 show the curves for the small spheres (03175 cm. 
diameter) obtained with direct current. These are similar to the 
alternating-current ones, but, of course, bend over more. It will be 
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FIG. 13.—0°3175 cm. Spheres, Direct Current. 


noticed that the three lowest pressures stop against a vertical instead 
of a horizontal limit. This was because the limiting factor was not the 
voltage which the condensers would stand, but the formation of a 
corona on the electrodes. An influence machine not being capable of 
supplying any quantity of power, as soon as the corona commenced to 
form the leakage current which flowed dropped the volts of the 
machine to such an extent that sparks could not be obtained. Тһе 
fact that all these curves stop at the same gap length shows that the 
distance apart at which the corona forms is independent of the gas 
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pressure and depends only on the shape of the electrodes. This shows 
that it is not possible to prevent the formation of a corona on a spark- 
gap previous to the actual discharge merely by placing it in com- 
pressed air. If a given gap gives a brush discharge before a spark in 
ordinary air it will also do so under pressure. 

Fig. 15 shows a set of curves taken chiefly as a check with two 
spheres 0635 cm. ($ in.) diameter and direct current. The corre- 
sponding curve at atmospheric pressure will be found in Fig. r. It will 
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be seen that, as is to be expected, they occupy intermediate positions 
between those already given. 

Values of the Dielectric Strength deduced from the  Results.—In 
attempting to deduce some standard figures for the dielectric strength 
of air from the results given, only the direct-current measurements 
have been employed. Тһе reasons for this are: Firstly, that in the 
alternating-current measurements the distances are extremely small ; 
and secondly, that the direct-current measurements could be made 
with a greater degree of accuracy than could the alternating ones. 
This was supported by the fact that the regularity of the points 

VoL. 43. 9 
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obtained by the direct-current method was distinctly superior to 
that obtained by the alternating. | 
The results obtained are plotted in Fig. 16. It will be scen that 
those obtained from the different spheres do not agree with one 
another as should be the case, but are greater the smaller the spheres 
employed. For the largest spheres the mean value of the measure- 
ments at atmospheric pressure gave 38:85 k.v.cm. as the di- 
electric strength of air. This agrees very well with the figures 
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given by Dr. Russell. It is, if anything, slightly higher than most 
of those given by him, the average being about 38 k.v. per centimetre, 
but the electrodes from which this figure was obtained appear to 
have been larger than those used by the author. 

Taking the curves as a whole, we see that they are very nearly 
straight lines, not passing through the origin, but cutting the axis 
of zero pressure at a point which for the case of the larger spheres 
is about 12 К.у. per centimetre, апа in the case of the small ones is 
even higher. 
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It is not easy to say why the results from these different-sized 
spheres should not be in closer agreement. It can hardly be due 
to the formula deducing the dielectric strength being in error, for 
if this were so it is scarcely likely that the values of the dielectric 
strength obtained from the various points on one curve should be 
constant to anything like 1 per cent. 
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Fic. 16.—Relation between Dielectric Strength and Air Pressure. 


Neither can it be due to distortion of the electrostatic field by 
the rods which carried the electrodes on their ends, for in all cases 
these were made the same fraction (4) of the diameter of the 
electrodes. 

It might, of course, be due to the presence of the surrounding 
case, but as this was large compared with the size of electrodes, 


Dr. Russell. 
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this explanation hardly seems possible. The supposition of a layer 
of air on the surface of the electrode of greater strength than the 
main body, which we saw would explain the delay in production 
of the. corona, would also serve to explain this if we assumed that 
the thickness of the layer was independent of the diameter of the 
sphere. 

For practical purposes, however, we may take the lower curvc 
of Fig. 16 as being nearly correct, and also, if anything, being on 
the safe side. We see from it that the dielectric strength of air 
at ordinary temperature (17? C.) follows very nearly a linear law, 
but that the curve when produced back does not pass through 
the origin—that is to say, that the dielectric strength cannot strictly 
be said to be proportional to the pressure. 

'The actual values of the dielectric strength can be obtained from 
the curves given. If an empirical formula be desired, the cquation— 


Dielectric strength == 20 + 25:6 (pressure) 


expresses the relation with sufficient accuracy between the pressure 
of 3 and 15 atmospheres absolute. 

It will be seen that under pressures readily obtained in engineering 
work the dielectric strength reaches high values, equal to that of 
a solid or liquid dielectric. 4'ompressed air as an insulation has 
considerable possibilities for certain cases as it is free from viscosity 
and residual charge effects, and is not permanently injured if it 
is broken down. 

The author would finally express his indebtedness to the University 
of Liverpool for facilities for carrying out the work, and to Professor 
E. ХУ, Marchant for much advice and assistance, both during the 
progress of the work and in the preparation of the paper. 


DISCUSSION. 


Dr. А. RussELL : Following the usual custom, Mr. Watson talks 
about the “dielectric strength." Principal Carey Foster uses the 
simpler phrase, “ electric strength," and it seems to me there is much to 
be said in its favour. Diclectric strength does not tell us anything more 
than electric strength—electric strength is quite descriptive enough. 
I do not quite agree with the author's account on page 114 of what I 
proved. It is true that if the minimum distance between the spheres is 
less than the diameter of either a disruptive discharge will ensue. That 
is all I wanted to prove, because at that time I was measuring electric 
strengths by using spherical electrodes, and so I had to satisfy myself 
that their use led to correct results. The statement, however, that if x 
is greater than 2 a, 15 negative, and therefore a corona will form, I 
do not аргес with, because the assumption of a uniform layer of dis- 
rupted air cannot be used to prove that a disruptive discharge will not 
take place. When you have the two electrodes close together the 
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maximum electric stress occurs at the two points of the spheres which 
are closest together, so that really you will have little “ blisters” of 
disrupted air at these two points, and the shapes of the equi-potential 
surfaces are no longer spherical. Hence in this case we cannot apply 
the simple theory. To work out the complete theory would be very 
laborious, but it would probably be found that the distance at which a 
corona formed could be calculated. Mr. Watson has shown how to 
find this distance experimentally. It occurs where there is a point of 
inflection on one of the curves shown in Fig. 1. I congratulate the 
author on the very ingenious voltmeter he uses. A voltmeter of this 
type, however, must be rather laborious in practice. In Fig. 16 the 
author gives the different values he obtained for the electric strength 
of air when using different sized spheres. The variations are not large, 
but it is unsatisfactory that all the points do not lie on the same straight 
line. I do not think his suggestion of a layer of air round the spheres 
of greater electric strength than the remaining air very convincing. I 
think a simpler explanation could be made up from considerations of 
what used to be called the “ minimum sparking potential" between 
electrodes. Professor Strutt has shown that the potential difference 
between the cathode and the negative glow is constant and equal to 
about 350 volts whatever the pressure of the air. As the pressure of 
the air increases the negative glow approaches the cathode and ulti- 
mately apparently disappears into it. If we assume that the pressure 
on the Faraday tube, which is subjected to the maximum stress, is not 
the potential difference between the spheres, but is this potential 
difference minus 350, then I think this assumption would be sufficient 
to explain why the lines in the diagram are not coincident. The 
formula the author uses is that the electric strength R' equals the 
potential gradient V/x multiplied by a certain factor f. I call R' the 
apparent electric strength. Тһе real electric strength R possibly may 
be got by the formula— 

| R= V =e 

x 


[—R-—z 


where ғ is the potential difference between the cathode and the nega- 
tive glow. Assuming this, we see that the apparent electric strength 
= R + e (f/x). Now for a given value of +, f/x diminishes as the radii 
of the spheres increase. This explains, therefore, why R’ is smaller 
for the large spheres. If x be not greater than a we can use thc very 
simple formula— 

f 1 I 

+ —. 
x x за 


By giving a suitable value toe I think we could manage to get these 
lines much closer together. Of course this theory is not quite satis- 
factory ; it would only be satisfactory if ғ came out equal to 350. I 
analysed many results some years ago, and came to the conclusion that 
е was about 800 volts, so that the agreement with theory was not quite 
satisfactory. In using the formula for the electric strength it has to 
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be remembered that it cannot be used when the distance between the 
electrodes is less than about a millimetre, because the ionisation in this 
case is excessive, neither can it be used when a corona is formed. The 
other cases in which it cannot be used are with very high-frequency 
pressures, such as occur in wireless telegraphy and with impulsive 
rushes of electricity. For instance, we cannot apply this formula very 
satisfactorily to make calculations in connection with the spark-gaps 
used for safety devices in transmission lines. With an impulsive rush 
of electricity the sparking distance seems to ђе absolutely independent 
of the shape of the electrodes. Sir Oliver Lodge showed this experi- 
mentally to this Institution twenty years ago,* when he read his 
classical paper on lightning conductors. Тһе frequency at which 
these formulz cease to be applicable has yet to be found out. For 
values of the frequency up to about roo I know that they are very 
approximately true. | 

Мг. С. С. PATERSON: The author complains that the results of his 
alternating-current measurements were not so easy to obtain accurately 
as the direct-current measurements. I think, however, that if all his 
observations fell as well on the curves as those do in Fig. 6,for instance, 
there is not very much to complain of on that score. In connection 
with the possibility of repeating these results, I should like to ask him 
whether he found that the degree of polish which he had on his 
spheres made any difference to the result. We have been warned by 
American observers that it is very important to clean the electrode 
every time a discharge takes place. I shall be interested to hear if he 
has found any difficulty in that way. Then he conducted all his experi- 
ments in a closed cylinder, in which the air must have become very 
thoroughly ozonised. I do not know whether the dielectric strength of 
ozonised air is any different from that of air which is freer and less 
ozonised, but one would be interested to know if the author made 
comparative tests in the cylinder and outside the cylinder to see if this 
made any difference—of course, under ordinary air pressures. I am 
very interested in the remarks on page 125 about the difficulty found in 
getting the ebonite to hold up. We have recently been making a long 
serics of measurements on the dielectric strengths of different kinds of 
ebonite, and the figure comes out at something like 50,000 to 100,000 
volts per millimetre. The author's 8 millimetres of ebonite broke 
down at something like 30,000 or 40,000 volts. That does show, as he 
says, what enormous stresses we can get in insulating materials, if the 
ideal conditions of an equal potential gradient are not there. I think 
the conclusion to be drawn from that is, that even though we use very 
great ingenuity in devising the shapes of the electrodes and the con- 
ditions of test so as to get a really even potential gradient in the 
materials, and get the true value of the dielectric strength of the 
material, yet in calculating thicknesses for practical use it is just as 
well to use a multiplier of 10 or 20 as a factor of safety. As an illus- 
tration of this, when we were breaking down some sheets of very thin 


* Fournal, Institution of Electrical Engineers, vol, viii., p. 386 (1889). 
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ebonite (about т; in. thick), we used ordinary flat circular electrodes 
with well-rounded edges and about + in. thick. Тһе ebonite broke 
down at about 40,000 volts, but the failure invariably took place about 
I in. away from the circular disc, showing that the stresses were uneven, 
and that the ordinary stresses obtained in practice are enormously 
greater than those which can be introduced Нот the spherical 
electrodes properly imbedded in the insulating materials. 

Dr. С. КАРР: I have no information to add to that given by the 
author, but from a practical point of view I am greatly interested in 
this question, as every engineer is who has to consider high voltage 
work. Тһе experiments undertaken by Mr. Watson were not only with 
high pressure in an electric sense, but with high air pressure also. For 
atmospheric pressure the subject has been studied by others, notably 
Professor Ryan, who about five years ago published a formula giving the 
maximum voltage between parallel wires. It is not aquestion of sparking 
from wire to wire, or, so to spcak, completely breaking down, but rather 
for what may be called the brush discharge, which, I understand, also 
enters at some stage of the gradual increase of potential difference 
between the spherical electrodes used by the author. It would be useful 
to have some information as to what the electric stress will be if the 
air pressure were reduced below atmospheric pressure. Тһе author's 
apparatus, which I was fortunate enough to sce at Liverpool, is per- 
fectly adapted to work with pressures above and pressures below 
atmosphere ; and it would be possible, without departing from the 
method of the experiments, to ascertain whether the curves continued 
backward into a region of less than atmospheric pressure retain their 
character, or what other than a linear relation between voltage and air 
pressure may exist. Тһе practical application of this point is obvious. 
In power transmission lines the limiting voltage is that at which a 
brush discharge from wire to wire begins, and that limit scems to be 
influenced by the barometric pressure. Engineers who have to do with 
power transmission know perfectly well that brush discharges are тоге 
likely to occur in high altitudes than in the plain, and Professor Ryan * 
gives this formula for the crest value of the voltage between wires :— 


S0 17948 
mE 459 +1 


b = barometric pressure in inches of mercury. 
t = temperature in Fahrenheit. 

s == distance between wires in inches. 

r — radius of wire in inches. 


X 350,000 log(*) (г + 07). 


It is a very complicated formula, but it is the only formula available 
at present. We should like to have, if possible, a simpler formula, but, 
above all, we should like a confirmation of it. Now the author's 
apparatus could be used to confirm or otherwise the proportionality 


* Procecdings of the American Institute of Electrical Engineers (Meeting of February 
26. 1904). 
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between Emax. and b indicated by Ryan's formula. Perhaps the author 
could also use instead of spheres electrodes so shaped as to represent 
parallel wires, and then he would be in a position to verify the other 
terms in the formula. The tests should not be as to the breakdown or 
spark voltage, but as to the point where the brush discharge begins, 
because it is that point which in power transmission one has to consider 
as the limit at which one loses electricity and the line ceases to be 
efficient or safe. 

Mr. E. Н. RAYNER: On page 113 the author quotes Dr. Russell, 
and mentions the factor f. In Dr. Russell's paper, as those who have 
studied the question know, he gives two values for f—one to be used 
when the earth potential is half-way between the extreme potentials, 
and the other to be used when one of the electrodes isat earth potential. 
The results for the dielectric strength of air will vary considerably 
between the two cases, especially if there is a long distance apart 
between your spheres. When the spheres are close together it does 
not matter what the earth potential is relatively to the other two. 
But the author does not state anywhere whether he has been careful 
to keep his balls equally distant from the earth potential, or whether 
one of them was at earth potential. It is, of course, perfectly easy for 
alternating-current work to ensure definite conditions. By earthing 
the middle of the transformer, or one end of the transformer, we 
can absolutely fix them. But in direct-current work, where we are 
dealing with two condensers, as the author does, it is not possible 
to locate the position in the system of the point of zero potential 
to earth, and I cannot quite see how actually to fix the earth potential 
relatively to the potentials of the spheres, except by connecting a high 
resistance across the high potential and earthing its middle point. It 
is evident from Dr. Russell's figure that we can get 20 or 30 per cent. 
error if we are not careful to fix the potential of the spheres relatively 
to the earth potential. As to the measuring of direct-current voltage, 
there are one or two quite important points on which I should like a 
little further information. Тһе first is that the author is dealing here 
with the dielectric strength of a succession of sparks. Is that the 
proper dielectric strength? After sending one spark between two 
electrodes close together, as far as my experience gocs the next sparks 
follow at a greatly reduced voltage, and that is the voltage that the 
author is measuring. That is my experience of alternating current. 
Here the first spark. goes at a much higher voltage perhaps, and 
the rest below. Не does not say anything at all as to the frequency 
of the sparks. When the air is ozonised, or whatever it may be, in 
the spark-gap, and that air is not quickly blown away, it seems to 
me to be possible to get a much lower sparking voltage after the 
first spark has passed ; but I believe that by keeping up an air blast in 
the air-gap the discharge can be prevented from taking place. The 
author has taken very great trouble, and, I have no doubt, has spent a 
very great deal of time, on these high potential condensers for 40,000 
volts. Having had some experience of testing ebonite, it is surprising 
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that these edges give such trouble. I thought in reading the paper the 
author might have used some electrostatic, perhaps home-made, volt- 
meter, either of the Jona or Kintner type, which were on the market 
when this work was done. That would have saved a lot of trouble, 
because I believe they read satisfactorily up to 100,000 volts. The 
great trouble with direct-current work is that you cannot use a volt- 
meter that takes any appreciable current. At the National Physical 
Laboratory we have installed a voltmeter for 100,000 volts, but we have 
also made it take J;th of an ampere, which is out of the question for a 
machine of this kind. The current might be reduced to то of this, 
perhaps, but it would be probably more than the Wimshurst machine 
would give. The author has mentioned the leakage current with glass 
condensers, but he does not say how that was detected ; possibly with 
an ammeter. If he has done anything in that line it would be interest- 
ing to know what the power factor of a high-voltage condenser is, 
because it is a most important point in connection with this method 
of measuring voltages. 

Professor J. T. Morris: The author appears to have experienced 
difficulties in the use of the two series-connected condensers for the 
measurement of the high voltages produced by the influence machine. 
These difficulties are of two kinds: (a) The breakdown of the dielectric 


Fic. B. 


of the condenser, and (b) the spreading of the charge at the edges. I 
think that these might be diminished in the following ways: First, 
to deal with the breakdown of the dielectric. Take an 8 mm. walled 
ebonite tube and turn it down to 2 mm. thickness, except for the ends, 
which turn as parts of two cones as in Fig. A. Then coat with 
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tinfoil outside and in. In this way a much greater capacity would 
be obtained than by the author's arrangement, and with no greater 
risk of breakdown. In order to deal with the uncertainty of capacity 
resulting from a spreading of the charge at the edges, I suggest the 
introduction of two guard rings, one at each end of the tubular con- 
denser, on the two sloping portions of the ebonite tube, and connected 
as shown in Fig. B. 

Dr. SiLvANUS P. Тномрѕох : I have very little to say, except to join 
in congratulating the author on having contributed a piece of work 
which will remain, at any rate for some years, as a substantial con- 
tribution to our knowledge of the subject of dielectric materials—that 
is to say, principally the air. I have been trying to compare the results 
given in the paper with those that we already possess from other 
sources, namely, the experiments conducted more than twenty years 
ago by Mr. Peace, and the experiments alluded to by Dr. Russell. One 
finds the extraordinary fact once more corroborated that the layers of 
air close up to a dielectric, when there is no brush discharge, are 
apparently stronger than those that are away from the surface of the 
conductors ; in fact, thin layers are, taken in the gross, stronger than 
thick ones. Why should that be? We have a kindred fact, though 
the analogy must not be pressed too closely, in the behaviour of the 
arc. The apparent resistance of an electric arc is, for long distances, 
pretty nearly proportional to the length of the arc for a given strength 
of current ; but for short distances between the electrodes you discover 
that the voltage required to send that current is not any longer propor- 
tional to the length. The arc acts as though it had something which 
discounts some 30, 35, 39, or 40 volts from the E. M.F. employed across 
it, and which is commonly (but erroneously) called the back E.M.F. of 
the arc, which may be expressed again in quite a different way, as 
though a thin layer of the arc close up to the crater offered a very 
considerable resistance. Here, in Mr. Watson's experiments, we have 
a phenomenon apparently of a layer of air close to the metal electrodes 
Offering a greater resistance to breakage by piercing by the spark than 
the rest of the air. How are we to account for this very curious effect ? 
I do not know—I do not think anybody knows, but one can guess. I 
think the explanation may be found—it is only a guess—in some 
difference in the dielectric capacity of the air in the immediate 
neighbourhood of the electrode; because if the layer of air in the 
immediate neighbourhood of the electrode has a different dielectric 
capacity from the air far away, the fall of potential per unit of length 
along that part will not be the same as the fall of potential along the 
rest. If we consider the distance between the two electrodes there is 
a certain fall of potential from one to the other. The curve represent- 
ing the fall will not be a straight line. You have to take into account 
the equipotential surfaces to begin with. So far as they are pretty 
large spheres it may be nearly a straight line, except at the ends, 
where it will be flatter if the dielectric capacity is greater than that of 
the rest of the air, or more sloping if it is less, What is the fact? 
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Does the air іп the immediate neighbourhood of the middle electrode 
act as though, when it is under the stress, it had a greater dielectric 
capacity than the rest of the air? If it has, we may reasonably think 
there is the beginning of an explanation. 

I am a little puzzled at what appears at first sight to be a dis- 
crepancy between the facts indicated in some of these curves, and 
the facts indicated in others, and I would like the author to 
explain wherein the discrepancy lies. Let me particularise. If you 
look at the last figure in the paper, Fig. 16—which, I believe, is 
a summary of the results—we have there the electric strength 
in kilovolts per centimetre plotted against the air-pressure in atmo- 
spheres. Now let us examine some of the facts. For example, 
if we take 4 atmospheres pressure and run our eye up on that 4 
atmospheres pressure line until we get "о the highest of the three 
curves—which is the line corresponding to the small spheres, $ in. 
diameter—then apparently, for those small spheres, іп a pressure of 
4 atmospheres the electric strength is somewhere about 170,000 volts 
per centimetre. Turning back to Fig. 13, which relates to the same 
spheres, if we look for a spark length of 1 cm. and run our eye up, we 
shall observe that when we get to the curve of 3°93 atmospheres—prac- 
tically 4 atmospheres—the electric strength is 45,000. Why is it 45,000 
apparently in Fig. 13 and 170,000 apparently in Fig. 16? Again, take 
on Fig. 16 the atmospheric pressure, the ordinary air-pressure of 
I atmosphere, and run your eye up to the last curve, that for the 1-in. 
balls. Apparently in the 1-in. balls the atmospheric pressure of 1 atmo- 
sphere gives you an electric strength of 40,000 volts per centimetre. 
If you turn to Fig. 11, which deals with the 1-in. balls, and look at the 
spark-length for 1 ст., we have there 30,000 volts per centimetre, and 
not 40,000 volts. There is not so large a difference as in the other 
case, but still there is a difference. I am perplextd by finding these 
discrepancies—and there are several more—between the apparent 
facts; and I should be very much obliged if the author will explain 
why there are those differences. 

May I draw the attention of the Institution to another of the 
branches of the industry in which this investigation will be of im- 
portance—I refer to the subject of wireless telegraphy. It is now 
something like ten years since Mr. Jervis-Smith, of Oxford, found that 
there was an important effect on increasing the pressure round the 
spark-gap in a transmitter ; and quite recently he has been working at 
the same subject with really important results. We do not yet know 
all the advantages that are to be found in working with different pres- 
sures about a spark-gap. Probably the author's paper will contribute 
something that will have a bearing in that direction also. 


Mr. А. CAMPBELL (communicated): The author's results are of M 


interest in connection with the making of condensers for wireless 
telegraphy and for the subdivision and measurement of high voltages. 
Could the author give us any information as to how the permittivity 
(specific inductive capacity) of air varies with the pressure? I think 
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this has been investigated. With regard to the excessive leakage 
noticed in the high-pressure air condenser, I may mention that even 
at quite moderate voltages dust filaments sometimes cause troublesome 
leakage in standard air condensers. If, however, they are designed 
with a minimum distance between the plates of 3 to 4 mm., the trouble 
disappears. In the case of those for very high voltages possibly the 
leakage would be diminished by covering the plates with a layer of 
ebonite “cured” on, or even of paraffin wax. 

Professor E. W. MARCHANT (communicated): The results obtained 
by Mr. Watson in this paper are of great interest. Тһе dielectric 
strength of over 40 k.v. per millimetre found with air at 15 atmospheres 
should make the use of compressed air as an insulating material a 
matter for consideration in any transmission system designed for extra 
high voltages. The curves given in Fig. 8 are most remarkable, and 
the result that the sparking distance between small spheres is decreased 
to less than 4 in. when the air-pressure is changed from 1 atmosphere 
to about 3 atmospheres shows how necessary it is to refrain from 
jumping at conclusions in work of this kind. The comparatively small 
dielectric strength of ebonite when working under continuous stress also 
is interesting ; the usual value of the dielectric strength of 50 k.v. per 
millimetre is reduced to an apparent strength of 4'4 К.у. per millimetre. 
This is no doubt largely due to the sharp edge at which the breakdown 
occurred, but the effect of continuous dielectric stress is a subject 
which might well receive further attention. It should be noted that 
one of the great advantages of a dielectric like compressed air, which 
automatically seals itself, is that no effect of this character due to 
fatigue after long-continued stress can occur. The difficulties of 
obtaining accurate results with the small distances used by Mr. Watson 
in his experiments are very great, and the close agreement between his 
results with direct ànd alternating currents shows clearly how carefully 
his measurements have been made. The paper will, I think, be valuable 
in supplying accurate and reliable figures for the dielectric strength of 
compressed air, for which the results hitherto given have been very 
widely divergent. 

Mr. J. LUSTGARTEN (communicated) : I would like to draw attention 
to some of the deductions the author has made which do not quite 
аргсе with the experimental results of investigations on sparking 
distances in air at atmospheric pressure carried out by Messrs. Kemp, 
Stephens, and myself at the School of Technology, Manchester. We 
have used spheres, from 3 to 3 in. in diameter, as electrodes, and found 
that inflections or “kinks” in the voltage-distance curves occurred 
with all spheres up to 1} in. diameter. We were unable to obtain 
kinks for spheres of larger diameter than 14 in., as they would occur 
beyond the voltage range of the transformer used, viz., 120,000 R.M.S. 
volts. In Fig. 1 the kinks appear at increasing sparking distances as 
the size of the sphere increases. It was noted that for any pair of 
equal spheres the position and form of the kink depended on the 
disposition of the spark-gap or of the wires leading to it, and upon the 


1909. ] " OF COMPRESSED AIR: DISCUSSION.: 141 


wave-form or frequency of the generator employed. Plate shields to 
the electrodes or an auxiliary gap also considerably affected the shape 
and position of the kink. When the electrodes were placed on tall 
glass pillars near the transformer, the kink differed from that obtained 
when the electrodes were well away from the transformer. In Fig. C 
are shown the kinks obtained with 4-іп. spheres on two generators, the 
broken-line curve was obtained with a wave-form practically sinusoidal, 
and the full-line curve with a peaky wave-form possessing a prominent 
thirteenth harmonic. Тһе voltages in these and in all cases arc the 
maximum values deduced from the wave-form of the generators. 
The kink for {һе first generator is scarcely present, and the dotted linc 
has been drawn to show what is probably the voltage-distance curve 
independent of the character of {һе circuit. The indefiniteness of thc 
kink (and even some part of the voltage-distance сигус beyond it) 
points to a disturbance due to a condition of the electric circuit, and a 
very probable explanation of this is resonance. 

No kink should appear if resonance is absent, and we should obtain 
a curve similar to that shown, with a dotted line for 4-in. spheres, in 
Fig. С, or to the needle-point curve. The initial and most definite 
portion of the curve has a regular curvature and then becomes almost 
straight. A small kink may occur with needles if the wave-form of the 
generator be suitable, but at very small sparking distance. In support 
of the resonance hypothesis I may mention that kinks occur in 
sparking-distance curves for oils, alternating current being employed. 
With direct current we should expect no kink in the voltage-distance 
curve, and on plotting Algermissen's* and Heydweiller's | results ; 
such is actually the case. 

When resonance occurs the curve commences to inflect downwards 
from the true shape and about the same time a point glow appears, 
sometimes simultaneously on both the spheres, or more usually on one 
of them first. This glow appears along the common axis, 1.е., at the 
shortest distance between the spheres. We are therefore unable to 
agree with Mr. Watson’s view that the glow first appears when the 
curve takes the marked upward rise. 

I am further unable to agree with this conclusion that the point of 
inflection for the spheres necessarily cuts the needle-point curve. It 
will be seen in Fig. С that the kink for 14-in. spheres cannot possibly 
cut the needle-point curve and even the broken-line curve for 4-in. 
spheres (where resonance is not prominent) does not intersect it. But 
eventually for large distances the curves for spheres and for flat plates 
also tend to тесі the needle-point curve, and it has been shown by 
experiment that for very large distances the voltage-distance сигус is 
independent of the shape of electrodes. 

Referring to the distance at which the glow or corona first appears, 
іп the case of small spheres it is about 44–ба, and 3a-4a for the large 


* Zenneck, Elcktromagnetische Schwingungen und Drahtlose Telegraphie, 1905 
р. 1011. 

T Annalen der Physik und Chemie, vol. xlviii., р. 785 (1893). 

5 Dr. Russell, Phil. Mag., vol. xi. (1906). 
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spheres, which is not in accordance with the hypothesis that it should 
occur at 2a. This discrepancy cannot be attributed to the dielectrically 


stronger “1ауег of air" which the author mentions, since Dr. Russell's 
formula for Rmax. would not then give consistent results for a given pair 
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of spheres for distances from 2 mm. to 2a, because for short distances 
the layer of air would be an important factor in the formula R= 
and at larger distances in the neighbourhood of 2a, 


affect the value of x. 
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This brings me to another point; the author quotes 38:85 k.v.-cm. M 


as the dielectric strength of air at atmospheric pressure. Messrs. 
Kemp and Stephens have worked out the value of Кал. for all spheres 
used in our experiments, and found that, using Dr. Киззе 5 formula, 
the value for j-in. spheres is as high as 52, and for 3-іп. spheres as 
low as 33. For 2-in. spheres the value was 37:0, which is near to that 
quoted by Dr. Russell for this size. Using Baille's * results for flat 
plates К is found to have a value of зо. Hence the dielectric strength 
of air is lower than 38 and probably lies between 30 and 33. Ош own 


1.Согопа on each of two bullet- 2. Corona on each of two 
nosed electrodes. spherical electrodes. 
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results and those of Steinmetz for parallel cylinders seem to bear this 
out. Hence the empirical formula for the dielectric strength of air 
under pressure is not correct, as the slope of the curve in Fig. 16 
‚ would be quite different for large spheres and therefore also for parallel 
plates. 

It would have been interesting if Mr. Watson had given us a 
needle-point curve at increased atmospheric pressure, and had he 
worked with larger spheres it would have been interesting to know 
whether for a pressure of, say, 15 atmospheres the curves for larger 
spheres intersect those of the smaller spheres for short sparking 

* “ Conduction of Electricity through Gases,” Sir J. J. Thomson, p. 387. 
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Mr. distances, as we have found that this phenomenon occurs at atmo- 
Lustgarten: spheric pressure. I note that on page 128, the voltage from which the 
direct-current curves in Figs. 11 and 12 radiate—viz., 3 kilovolts—is 
referred to as the minimum voltage required to produce a spark in air ; 
the Hon. R. J. Strutt * has shown that 350 volts is the minimum. 
I have mentioned above that curves for spheres bend over and 
eventually meet the needle-point curve. In explanation of this I 
suggest that the glow or corona from the commencement of its 
formation is “рарШа-” or nipple-shaped, and that as the sparking 
distances increase the papilla becomes more nearly a true point 
discharge. If the brush discharge from the surface of a sphere be 
closcly observed it will be seen that the extremity of the central ray is 
what we might truly take as a point, and thus the curves for spheres at 
large distances will ultimately merge into that for needle points. ТІП 
the papilla stage is established, the shape of the curves fora pair of 


spheres is practically represented by Dr. Russell's formula R=" “7; 


Referring to the necdle-point curve, if the distance between the 
extremities of the brush discharge be plotted instead of the distance 
apart of the ncedle points, the shape of the curve will, of course, be 
altered. If we assume that the voltage between the extremities of the 
brush discharges is the same as that which exists between the needle 
points, and that the length ô of the central ray of the brush is always а 
definite proportion of the distance between the needles, or what is 
virtually the same, proportional to the voltage, we shall get the part B 
of the curve rotated round so that its tangent of slope becomes greater. 
The initial slope of the part А of the curve will be greater than this 
modified part B because at short distances the ncedle points act as 
bullet-nosed electrodes rather than true points—such as the extremities 
of the central rays of the brush. The curve for needle points plotted 
to distances x — 2 6 would then be practically lincar for all distances. 
Fig. D shows the hypothetical согопге on various electrodes. Apply- 
ing the above hypothesis to the case of various-shaped electrodes, the 
shape of the voltage-distance curves can be satisfactorily explained. 
25 Mr. E. А. WATSON (т reply): Dr. Russell’s remarks are extremely 
| interesting апа valuable, especially аз he has paid а great deal of 
attention to the subject of the spark discharge between spherical 
electrodes. His explanation of the delay in production of a corona 
certainly seems quite feasible, but I am afraid that 1 cannot relinquish 
the assumption of a layer of air of greater electric strength than the 
main body in favour of an assumption involving a potential drop at the 
boundary of the electrodes. In the first place, I doubt whether under 
static conditidns any such pressure drop exists, although it is certainly 
present when a discharge is taking place. Even, however, if it were 
present it would have to be of much greater magnitude than 350 or 
even боо volts in order to satisfactorily account for the discrepancies 
noted with the smallest spheres. 
е Phil. Trans., vol. 193A, р. 377. 


1909. ] ОЕ COMPRESSED AIR: DISCUSSION. 145 


Let us assume for the moment that such a pressure drop does exist, 
then considering a gap in which x is varied while the size of the 
spheres is kept constant we have, as Mr. Russell has pointed out— 


True electric strength == apparent electric strength — Е f 


which means that the apparent electric strength deduced from tests 
on the gap will not be a constant quantity but will vary with the 
distance apart of the spheres, being greater the less the value of x. 
This, however, is not the case, the value of the apparent electric 
strength derived from a given pair of spheres remaining constant over 
a large range of distances. 

I believe that Dr. Russell himself in his earlier work allowed for a 
potential drop of 8оо volts at the surface of the electrodes, but has 
since relinquished it as he found that more consistent results were 
obtained if it were neglected ; at all events in his recent Institution 
paper no allowance is made for it. 

Mr. Paterson raises a great number of interesting points. In the 
first place, in connection with the degree of polish of the spheres I am 
aware that American observers recommend that they should be cleaned 
and polished after every spark. I did not find that quite so much 
precaution was necessary, at all events with the direct-current tests. 
Of course it probably depends to a very large extent upon the amount 
of energy behind the discharge. In the case of the direct-current 
tests this was very small, never more than 4 watt, and in the case of 
the alternating-current ones a very quick-acting circuit breaker was 
employed, set very closely. It also probably depends very much on 
the distance apart of the spheres. Of course any appreciable roughness 
of the surface cannot be permitted, but a slight amount of tarnish or 
discolouration seemed to have no appreciable effect. 

Secondly, in regard to the conducting of the tests in a closed 
cylinder in which the air might become ozonised, I would point out 
care was taken in the design of the apparatus not to give any chance 
for brush discharges (which produce ozone) to occur. In fact, I am 
certain that ozone was not present, as the air, if allowed to escape, was 
quite free from smell. . It must be remembered that a pure electric 
stress does not make ozonc, neither does a disruptive discharge ; it is 
only produced by brushes or согопге. 

I quite agree with Mr. Paterson as to the necessitv for allowing a 
very liberal factor of safety in all insulation work, especially where 
there is no chance of the stress easing itself ой. By this I mean that 

although a condenser made of a sheet of, say, ebonite coated with tin- 
foil and worked in air in the ordinary way may be worked with a fairly 
Jow factor of safety, yet if the same condenser be embedded ог 
ismmersed in oil the factor of safety must be greatly increased. Іп the 
former case the low electric strength of the air permits the stress at 
the edges to ease itself off, whercas in the latter case this is not possible 
and breakdown occurs. The manner in which a breakdown spreads 
through a substance like ebonite and glass would, I think, form a 
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profitable source of study to any one desirous of a line of research. 
Professor Kapp’s remarks as to the influence of barometric pressure on 
the brush discharge off wires are very important in view of the 
development of high-tension work, and I am at present putting in 
hand some experiments on this point. The only tests at present 
existing have the unfortunate drawback that those of one experimenter 
give results nearly twice as high as those of the other, although 
apparently the conditions of the two tests were the same. 

Ryan's formula as quoted by Professor Kapp, although at first sight 
complicated, is really based on theoretical grounds. The theoretical 
formula should run— 


T, 
E a, =2 5 ap Rr log. ` 


where— 
b, is the standard barometric pressure. 
T, is the standard temperature (absolute). 
T is the absolute temperature under the conditions prevailing. 


R is the electric strength of air under standard conditions of 
temperature and pressure, and the other symbols have the meanings 
given by Professor Kapp. 

The only alteration Ryan has made is the addition of 07 to the “г” 
term, this being made because he found that discharge occurred not 
from the surface of the wire but from a short distance away. 

As regards Mr. Каупег'з question whether the potentials of the two 
electrodes in the direct-current tests were symmetrical with respect to 
the earth, I feel fairly satisfied on that point. Both the middle point 
of the condenser system and of the influence machine were connected 
to earth. The condensers, moreover, were of the same capacity and 
passed no measurable leakage currents which might have disturbed 
the potential distribution. 

The question as to whether the results, being the average of a train 
of sparks, do truly represent the electric strength of the air is an 
important matter, I believe, however, that they do so for the following 
reasons :— 


1. The frequency of the sparks was low (about 2 seconds per 
spark). 

2. The energy dissipated was very small, never more than 0'5 
watt. 

3. Records taken of the sparks on a Morse tape showed no signs 
of any increase in frequency (corresponding to reduced 
breakdown voltage) with time. 

4. The high-tension voltmeter exhibited at the mecting was 
calibrated by means of a standard gap noting the defection 
at the moment of breakdown. In no case was it observed 
that the first spark gave a higher reading than any of the 
succeeding ones. 
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I quite admit that in the case of alternating-current tests, especially 
if there isany power behind the discharge, the voltage required for the 
discharges following the first one might be greatly reduced, but I do 
not think that in my case anything of the sort occurred. 

It would doubtless have been possible to have used some form of 
voltmeter for the direct-current tests, although a Jona one would not 
have been suitable, but it was thought that there would not be any 
gain by doing so; besides, it would have been necessary to calibrate it, 
which would have been a difficult problem. 

The method employed may sound complicated, but it is not really 
so; in fact, fewer readings are necessary with it than if a voltmeter 
were used, owing to the way in which it automatically averages the 
results. If a voltmeter had been employed, each point would have 
needed about four or five readings, the average of these being taken. 
With the method described, however, only two are necessary, namely, 
the current and time of a given number of sparks. 

The leakage current of the glass condensers was detected by 
opening the gap beyond the sparking distance. With good condensers 
the reading of the micro-ammeter would then fall to zero, with leaky 
ones it would not до so. I would point out, however, that this leakage 
current was only small, compared to the charging current, at any 
ordinary frequency, and for work at 50 cycles or so would have no 
noticeable effect upon the power factor. At the very outside the 
power factor due.to the leakage current would not exceed 1 per cent, 
at this frequency. 

I am much obliged to Professor Morris for his suggestions as to 
shaped tubes and guard rings. The question of shaping the tubes 
suggested itself when the earlier condensers broke down, but it was 
not done as the capacity was sufficient without, but if any more were 
to be made I think that I should embody some such arrangement. 

Professor Thompson's suggestion that possibly the layer of air next 
a conducting surface has a higher permittivity than the main body 
would also serve to explain the facts noticed in connection with the 
small spheres. I do not know whether any one has studied the question 
of thickness and capacity of electrolytic films with sufficient care to be 
able to clear up this point quite definitely, but I believe that the 
permittivity of such a film is not far from unity, while its electric 
strength is certainly very high, going, I believe, up to 10% volts per 
centimetre, and for this reason I am inclined to favour the hypothesis of 
increased electric strength rather than that of increased permittivity. 

The “discrepancy " which Professor Thompson finds in the curves 
is really due to his neglecting to allow for the correcting factor “f,” 
that is to say, he simply divides the breakdown voltage by the spark 
length without allowing for uneven distribution of electrostatic flux. 
If this be allowed for I think he will find that the figures agree all 
right. 

ein answer to Mr. Campbell, I am afraid that I have no accurate data 
as to how the permittivity of air is affected by the pressure. Į believe, 
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however, any alteration which may exist is very slight, certainly I have 
never found that the air pressure has had any effect (beyond that of 
stopping breakdown) on any of my high-tension voltmeters, the 
calibration of which has always seemed to be independent of the air 
pressure. 

In regard to the air condensers which gave trouble by leakage, a 
thin layer of paraffin wax on the plates was found to improve matters 
a great deal, although it did not entirely stop leakage. It would not, 
however, have been much use for my purpose, as the capacity of the 
condenser would have been liable to vary owing to the distribution of 
charge between the wax and the air being disturbed by leakage in one 


- or other of them. 


Professor Marchant suggests that possibly the breakdown of the 
condensers was due to the continuous electric stress, and hints that it 
might possibly not have occurred with alternating current. It must be 
borne in mind, however, that the stress on these condensers was not 
wholly continuous, but that at each spark they were subjected to high- 
frequency oscillations of the order of several million per second, and 
these would probably do more harm than a steady sustained stress of 
equal magnitude. 

I do not see the force of Mr. Lustgarten's view that resonance is 
the explanation of the occurrence of a point of inflexion in the spark- 
length voltage curves for small spheres. What does he think forms 
the resonant circuit, and why should it only occur at one voltage? I 
presume that he keeps his frequency constant throughout any given 
test, and merely increases the excitation of his alternator in order to 
bring up his pressure in the same way that I did. In that case, if 
resonance were to occur at all, it would occur throughout the entire test 
and not at one point only ; but what has resonance to do with the appear- 
ance of a point glow? Further, I have obtained points of inflexion 
with direct current, although, generally speaking, when using an 
influence machine it is not possible to carry the curve far along the 
upward rise owing to the amount of power required. In some former 
tests of mine, when using an influence machine more powerful than 
the present one, the upward bend of the curve and production of 
the corona were frequently observed. ‘The fact that proximity to the 
transformer affected the point of appearance of the corona is easily 
accounted for by considering that in the region of this point the 
conditions are necessarily somewhat unstable, and therefore readily 
influenced by any disturbing element, such as ultra-violet radiations, 
which are copiously produced by all brush discharges even when the 
latter are scarcely visible to the eye. That ultra-violet light has ап 
important disturbing effect was pointed out by Hertz, and has long 
been recognised. Тһе use of shields also, by altering the distribution 
of electrostatic stress, might certainly be expected to influence the 
shape of the curve. As for the non-appearance of the “kink” in 
Algermissen and Heydweiller’s results, this is simply due to the fact 
that they did not carry the voltage high enough. It is not stated in іпу 
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paper that 38:85 k.v. per centimetre could be taken as representing 
the electric strength of air under all conditions and for all sizes of 
cluctrodes. It is given as the value obtained with spheres 1 in. in 
diameter, but I cannot think it is ever as low as 30 to 33. Ryan's tests 
on wires, for instance, never give values much below 40 k.v. per centi- 
metre. It was not possible to obtain consistent results for needle 
points under pressure, as the distance apart was too small, but the 
voltage required for a given gap appeared to increase very nearly 
in proportion to the pressure. Mr. Lustgarten is mistaken in saying 
that I referred to a value of 3 k.v. as being the minimum voltage 
required to produce a spark in air. What I stated was that although 
° for high voltages the curves radiated from about that amount, yet on 
carrying the pressures lower they were found to bend round to a much 
lower value. I quite agree with Mr. Lustgarten that until the papilla 
stage is established the shape of the curves for a pair of spheres is 
practically represented by Dr. Russell's formula :— 


v 
R=*f 


and also that as the sparking distance increases the papilla becomes 
More nearly a true point discharge. In fact, as I have pointed out, 
this is the explanation of the occurrence of “kinks,” or points of 
inflexion. 

The PRESIDENT: It now only remains for us to pass a vote of 
thanks, which I am sure will be a hearty one, to the author for his 
very useful paper. He has worked hard on the subject and made 
himselí a master of it ; and I am quite sure that the information he has 
given us to-night will find practical engineering applications in many 
directions before very long. 

The resolution of thanks was carried by acclamation. 
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THE KAPP-HOPKINSON TEST ON A SINGLE 
DIRECT-CURRENT MACHINE. 


By DR. W. LULOFs. 


(Received from the BIRMINGHAM LOCAL SECTION October І, 1908, апа read 
at Birmingham оп January 13, 1909.) 


The Kapp-Hopkinson, or circulation-of-power test, 15 the most 
accurate method for finding the efficiency of two similar machines. 
Though the actual test is too well known to need explanation, its 
history may prove of interest. 

In 1886 Major Cardew applied the following method for measuring 
the efficiency of direct-current machines. For this test three machines 
are necessary, preferably differing in output by the amount of power 
lost in each. The largest machine B supplied current to the mediuin- 
sized machine C, which drove by mechanical transmission through 
belting or direct coupling the smallest machine D, so that as near as 
possible full-load condition of C and D was obtained. The electrical 
power supplied to C and taken from D was measured, and the ratio of 
the two is the combined efficiency of C and D, and the square root of 
this ratio is the efficiency of each machine (sce Fig. 1). 

Dr. Hopkinson improved this method in 1888. Тһе two machines, 
which in this case must be similar, are mechanically coupled. A pulley 
mounted upon this coupling takes the belt through which the power, 
necessary to run the machine light, is supplied. This power was 
measured by а Hefner-Alteneck dynamometer. By making the ex- 
citation of machine В weaker and of C stronger, B begins to act as 
motor ; and C, as generator, supplies current to B. "The circulating 
current is measured in ammeter А (sce Fig. 2). The accuracy of this 
method is undoubtedly greater than that of the direct method where 
the whole of the power is measured. "The loss is, in the first case, 
obtained as the difference of two large amounts ; in thc second case, 
the loss itself is measured. The loss, however, is measured in 
mechanical power with an apparatus which may have an error of 
Io per cent. The rigging-up of the experiment is troublesome, and the 
test is made by means of two totally different sets of measuring 
instruments, which are not directly comparable with each other. 

In 1890 Dr. С. Карр proposed the following improvements. Не 
supplies the loss of the two machines under test as electrical energy. 
A small dynamo suffices to keep a couple of large machines working 
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at full load. The three machines are either put in series (in this case 
a battery can often be used) or in parallel (Fig. 3). 
In the first case the auxiliary machine must be of low voltage, and 


Fic. 1. 


capable of carrying the full circulating current ; in the second case it 
must be of the same voltage as the other two machines, but only need 
give a small current. In this form the circulation-of-power test has 


Fic. 2. 


been generally adopted, not only for direct-current machines, but also 
for alternators and transformers. For all these tests two similar 
machines are necessary, and the efficiency arrived at is only accurate 


FiG. 3. 


when the assumption holds good that the two machines have exactly 


the same efficiency. 
For these reasons it has been attempted to obtain circulation of 
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power, using only one machine. This has the advantage of simpler 
connections in general, more reliable results (because the efficiency is 
found in one machine only), and the possibility of carrying out the test 
when only one machine is available. 

For alternators, a method originally suggested by Mordey, and 
recently improved by Behrend,* may be accepted as a solution, whilst 
Gustrin + likewise modified Dr. Sumpner's transformer efficiency test. 
In the case of direct-current machines, however, no successful attempts 
seem to have been made in this respect. 

Whilst I was writing this paper, it appeared that A. Kolben was 
working оп the same subject quite independently of me.; The method 
he suggests, however, is not correct, as I explained in my letter pub- 
lished in the same paper.§ 

The object of the following pages is to point out how the Kapp- 
Hopkinson test may be adapted on a single lapwound dircct-current 
machine only, providing it is not supplied with Mordey equalising 
connections. 

The connections need not be more complicated than in the ordinary 
test on two machines, and it has the great advantage that the efficiency 
of a machine сап be tested in sifu. The test as described was carried 
out on a 4-pole machine, but it may be understood that the principle of 
this test holds equally good for any machine having more than four 
poles. For a 6-pole machine—in fact, for all machines whose number 
of poles contains three—the test becomes a little more complicated, but 
is quite possible notwithstanding. 

The principle is as follows: The two positive as well as the two 
negative brushes are disconnected, and two ammeters, А, and А, of 
equal range inserted in, say, the two negative leads (see Fig. 4), whilst 
the positive brushes аге short-circuited through ап ammeter А, Should 
now the exciting current of the two south poles so be altered that the 
excitation of Sa, is strengthened by the same amount as that of Зв, 
is weakened, then a difference of potential must be obtained between 
the two positive brushes when the armature rotates. As Sa, is 
strengthened by the same amount as Sp, is weakened, the two south 
poles may be considered to have retained their former strength, and 
to have superposed over them a беја dependent on the magnitude of 
this alteration, and in the direction Sa,, Ss, 

The difference of potential so obtained between the positive brushes 
I and 2 will give rise to a current which flows in the two halves of the 
armature, and from Fig. 5 it is secn that this current flows down under 
Sa, up under Ssg, and mixed up and down under Na, and Мь,. 

The armature ampere-turns produce а беја which lies in the 
direction Ng, Ма, so an alteration of S4, Ss, in the way de- 
scribed inevitably involves an alteration of the north poles, strengthen- 


* Electrical World and Engineer, p. 715 (1903). 

+ Electrotechnische Zeitschrift, 1907. 

$ Electrical Engineer, March 6, 1908. 

§ See also Electrical Engineer and Electrician, March 27, 1908. Ibid., March 13th. 
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ing (Fig. 5) Мв, by the same amount as Na, is weakened. The 
armature, however, revolves in this field, built up by its own ampere- 
turns, and for this reason a potential difference must be created 


FIG. 5. 


between the two negative brushes, tending the current to flow 
downwards under №, upwards under Ns, and mixed up and 
down under Sa, and Sg. These armature ampere-turns in their 
turn excite a field over the two south poles in the direction 5^:, 58: ; 
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that is, in the opposite direction to the alteration originally produced, 
or, in short :— 

The armature reaction of a lapwound machine will tend to prevent 
a circulating current from flowing from one brush to the other of 
equal potential. To this behaviour of the armature I will refer again 
later on. 

In order to enable a circulating current to flow, say, from positive 
brush 1 to positive brush 2, the armature reaction in direction Ма, 
Na, must be counterbalanced. This can easily be done in the same 
way as the original alteration of the south pole fields is obtained. "This 
circulating current, which now leaves the positive brush under Ss,, 
flows through the ammeter A, and is measured by same, and, flowing 
back to the armature in positive brush under Sa, divides equally in 
the two halves of the armature. The magnitude of this current is 
dependent on the magnitude of alteration given to Sa, Ss, and the 


armature reaction produced by itself. As already explained, the arma- 
ture reaction gives rise to a current leaving the armature at, say, 
brush 4, flowing through ammeters А, and А, back into armature 
through brush 3, and counteracts the alteration given to Sa, Ss, 
This second circulating current is, therefore, a disturbing element, and 
must be done away with in the way already explained, and the two 
ammeters А, and A, showing no deflection indicate that this condition 
is obtained. 

In order to run the armature at its normal speed it is not necessary 
to drive it mechanically. In connecting the two armature terminals as 
usual to the normal voltage supply, and giving the fields the normal 
excitation, the machine can be started up in the ordinary way as motor 
running light, and its speed can be adjusted by the voltage impressed 
on field or armature. 

А, А, and A, will all read half the running light current, and the 
sum of А, and А, multiplied by {һе voltage impressed gives the power 
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which the machine consumes running light.* Тһе circulating current 
can now be obtained in the above-mentioned way, and A, will read 
double the value of the circulating current in the actual armature bars 
+ or — half the running light current, whereas A, and A, are kept 
indicating alike currents by totally counterbalancing the armature 
reaction. Hence the current divides in the armature as shown in 
sketch (Fig. 6). That part of the armature under south pole Sa, 
carries current $ c + $4, and working under the stronger pole acts, 
therefore, as the motoring half. The opposite part carries +с—>+а, 
i.€., the smaller current, and acting under the smaller field works as 
dynamo. 

How to Alter the Fields.—The most accurate way to strengthen опе 
pole as much as the other is weakened is the following : If for a 4-pole 
machine half the field voltage is supplicd to a a (Fig. 7), and the inter- 


Fic. 7. 


locked pointers bb of two equal main-current regulators stand in the 
middle positions, the current through Sa, is equal to that through Ss, 
and of the normal value. By moving the pointers 6 to the right, how- 
ever, the voltage over Зв, is raised by exactly the same amount as that 
by which the voltage over S4, is weakened, and vice versá, the result 
being that by moving b the ratio between Sa, and Sp, can be varied 
ad libitum, keeping the total current constant. As the field excitation 
will certainly be over the knee of the excitation curve the weaker poles 
will be weakened to a slightly greater extent than the stronger poles are 
strengthened. This is, however, of no consequence, becausc a relative 
small displacement of b is necessary to obtain the full circulating 
current ; anyhow, if the impressed E.M.F. and the speed are kept 
constant the total field strength must remain the same. A fine adjust- 
ment for the total field current is therefore necessary, and can be made 
by altering К, A similar arrangement to change the relative strength 


* The field watts are not considered. 
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of the two poles of opposite polarity, so as to counterbalance the arma- 
ture reaction due to the circulating current, must be made. 

Actual Те! —Абег having made arrangements for changing the 
relative strength of the poles, the machine is run up as motor in the usual 
way. Allow а certain circulating current to flow in the way described, 
and read the value which A, will give if half the driving current is added 
ontoit. This value gives the mean load current. The driving current is 
obtained from ammeters A, and A,, each reading half this amount, and 
arranged to indicate equal currents by a suitable out-of-balance (in this 


TABLE П. 
| | Ай, 
— "2 Ee 
Current, esistance Hot, in Armature Light-running Brush and 
excluding Brushes. Winding. Driving Current. | Distribution Loss. 
SS 
10 0038 | 28 4:55 1,0038 
| 20 0038 1573 == 1,015'2 
| : at 220 volts : 
30 0'038 342 Га 1,000 уаш) 1,034 2 
| p 0038 608 — 1,0608 
50 0038 050 — 1,0050 
| 60 0'038 1220 тте 1,13770 
70 0038 1860 -- 1,1860 
% 07038 2430 — 1,2430 
9o 0038 3090 — 1,3090 
100 0038 380'0 — 1,380'0 
по 0'038 460°0 — | 1,4600 | 
| 120 0048 5490 tan | 1,5480 


case) of the two north poles Ма, Na, Іп this way the armature 
reaction is counterbalanced, so that only a circulating current can flow 
between brushes г and 2. Тһе driving current d multiplied by the 
ЕМ.Е, under which pressure this current flows, represents obviously 
the power which the machine consumes running under these con- 
ditions. A test was carried out on a 4-pole lapwound machine 
manufactured by Messrs, Allen & Son, 230 volts, 120 amperes, and 
Table 1. shows the figures thus obtained. In order to calculate the 
true efficiency of this machine under ordinary working conditions from 
the figures obtained (Table I., columns 3 and s, curve I.) some correc- 
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tions must be made. Two losses аге not expressed in these results, 
namely, brushes 3 and 4 carry no circulating current ; secondly, the 
poles Na, and №, are not distorted by the armature current flowing 
under them, so that to the losses (Table I., column 7) these have to be 
added separately. Тһе calculation of these losses is very simple. Тһе 
watts required to drive the load current through the armature only 
(excluding brushes) are calculated for all values of this current, the 


armature resistance being known to be 0'038 at maximum temperature * · 


(see Table II., curve V.). 
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20 530 40 50 60 70 80 90 100 по 
Load current in amps. 


Curve I.—Driving current in amperes found by experiment. 
5 II.—Armature loss, excluding 4 brush and distortion loss. 
»  IIl.—Total armature loss in watts. 
IV.—Efficiency in per cent. 
2 V.—Armature loss, excluding brush and distortion loss. 


The watts consumed with the machine running at all values of load 
current, excluding total loss in brushes, and that due to distortion of the 
fields by the armature current, can now be obtained by adding results. 
Table II., column 3 gives the running light losses, which amount to 
1,000 watts. Column 5 gives this total value. 

Table I., column 8, gives these same values for the load currents 
actually used in test. Column 9 is the difference of the two, which 

* The efficiency test was not started before the machine had reached its maximum 


temperature, and the mechanical pressure on brushes 1 and 2 was adjusted to equal 
the pressure on brushes 3 and 4. 
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obviously is the required half-brush and distortion loss. These values, 
added to figures tabulated in column 7, give the total armature loss 
(column то). 

Column 11 represents the field loss, which has to be added to the 
armature loss to obtain the total loss in the machine. The three 
remaining columns speak for themselves. An error which cannot be 
corrected is that due to the rotation of the armature in a field super- 
posed over that of the two poles №, and Ма, but this certainly does 
not cause an appreciable error. 

There also is (due to this field) a slight side-pull on the shaft which 
might affect the friction losses, but as the friction losses do not depend 
оп the bearing pressure unless the latter exceeds about 550 Ibs. per 


> 
Шаш 


Fic. 8. 


square inch, also this matter is of no consequence, especially if саге 
is taken that the stronger field is above. 

The above-described test is simple in its carrying out, and the 
corrections that must be made to obtain the required result are very 
easy. In many cases the test can be made with the use of an auxiliary 
machine or battery of low voltage, capable of carrying half the full- 
load current (Fig. 8). 

А difference of potential between brushes 3 and 4 is obtained by 
means of the low-voltage machine B, and by counterbalancing exactly 
the armature reaction caused by the current tending to flow by the 
impressed low voltage the same conditions can be obtained as in the 
test previously described. A, and A, again read the same value— 
namely, half the driving current, and A, the circulating current—half 
the driving current. This methcd of procecding makes it possible to 
separate thc power required for driving the motor from the circulating 
power, and the rise of current indicated by ammeters A, and A, is 
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directly а measure of the loss due to the distortion of опе pole pair by 
the circulating current. The total field strength of Na and Ма is not 
affected by the tendency of the circulating-current-armature-reaction, 
which has the direction S4, Ss, to weaken one and strengthen the 
other. This effect, however, is totally counterbalanced in the ordinary 
way already described, and this is obtained as soon as A, and A, read 
the same value. Twice the rise of current indicated by A, has to be 
added to twice that indicated by A,, and then multiplied by the im- 
pressed voltage. То this must be added the power necessary to 
produce the circulating current ; and finally, in addition to this, the 
power required to send the loaded current through the brushes 1 and 
2 equal to I (V, — I, К), В being the resistance of the armature only. 
This method has the advantage that only one pair of poles need be 
relatively changed, and, secondly, the watt loss in the brushes and 


increased hysteresis and eddy-current loss due to field distortion are 
easily separated. 

This, however, only holds good when the armature is exactly in the 
centre. Ц is clear that the actual pole strength is not affected by the 
circulating current, as the armature reaction is entirely counterbalanced. 
The circulating current, therefore, cannot exert a driving force. In 
case the armature is not concentric or one north or south pole stronger 
than the other, the above test may lead to very inaccurate results.* As 
the machine on which I worked had the above-mentioned defect, it 
was impossible to obtain any reliable results in this way. 

In both the suggested methods corrections are necessary, and some 
losses occurring under the usual running conditions do not appear in 
the test itself, although they are easily allowed for in the efficiency test 
by calculating their maznitude ; for the heat test, a correction cannot 
be made. 

I thercfore propose the following test (Fig. 9) :— 


* [t is also very essential that the brushes should be in exactly the neutral line, 
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To send from auxiliary machine B a current, say, in at brush t and 
out at brush 2. Ammeter A, measures this current, and by means of 
the carbon rheostat C R or changing the pressure of B, it is adjusted 
to half the full-load current. The poles are normally excited, but current 
A, exerts no torque. By strengthening Na, weakening Ns, and at 
the same time counterbalancing the armature reaction of A, so far till 
À, also reads half the full-load current, the full-load running conditions 
are obtained, and the product of volts V and amperes A, gives at once 
the full-load loss which occurs in the machine. 

The only difference to the load condition is that in every other 
armature bar double the current flows, while the other bars are free 
from current, These big current values cannot hurt the machine, as 
the bars carrying double load and no load continually change condi- 
tions. Ав the general direction of this current is down under Ма, up 
under Ns, down under Sa, up under Ss, *only a torque can be 


FIG. 10. 


exerted in changing the pole strength of two opposite poles, in this case 
Na, Ns 

The values of the efficiency obtained by both methods tally fairly 
well for full-load condition. 

That the second method shows greater efficiency on small load 18 
probably due to the fact that the machine in question was taken to 
pieces between the two tests for alterations ; the brushes were shifted, 
and probably the second test has been carried out with a different 
brush position. It is well-known that the power required for running 
a motor light is, especially for machines without commutating poles, 
largely dependent on the brush position. This is due to the fact that 
more power is used for the commutation when the brushes stand in a 
less favourable position. Probably the brushes were in a less favour- 
able position for full load during the second test, and this would also 
account for the higher efficiency obtained under light load condition. 

VoL. 48, 11 
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Results obtained by the last described method :— 


TABLE А. 
r Total ie 
Speed. TM ran V 1" Ar mature Poa 
630 200 20°00 50°0 1,004 507 
630 29:5 29°75 40°3 1,190 507 
630 400 4000 366 1,462 507 
630 445 _ 43°00 372 1,655 507 
630 50'0 50'00 37'8 1,890 507 
630 550 5475 381 2,095 507 
630 боо 60°00 400 2,400 507 


Total Loss. | Apparent Per Cent. Loss, ec 

1,511 | 8,800 17'20 82'80 
1,637 | 12,980 1310 | 8690 | 
1,909 | 17,600 | II'20 | 88:30 
2,162 | 19,600 11'05 88:95 
2,397 22,000 10°90 89°10 | 
2,603 24,200 10°78 80:22 | 
2,007 | 26,400 II'OO | 89:00 

| | 


The fact that the results of the above two tests tally fairly well with 
each other for the particular machine in question is, however, little 
proof that the tests proposed by те are absolutely reliable. 

Practice can only decide this, and not before a great number of 
tests on various machines are taken can a decision be arrived at. An 
approximate calculation of the difference in iron loss which is obtained 
in the test described may justify, however, my assumption that 
these, under ordinary circumstances, can never rcach an appreciable 
value, 
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Approximate Calculation of the Magnitude of Difference in the Iron Loss. 
First Method.—From Figs. 5 and 6 it can be seen that the only alteration 
in the field strength is that 5, is increased, Зв decreased, whereas the 
poles №, and Ng remain unaltered. This alteration of the south poles 
must be carried on until the voltage between brushes т and 2 (due to 
this difference in polarity of 5, and Ss, which we will call a super- 
posed field Sg —> S4) reaches such a value that the full-load current 
flows from brush r to brush 2. 

The armature resistance (as measured from brushes 1 to 2) equals 
0'1514 e, 50 that the necessary voltage for full load amounts to 
071514 X бо ==9'1 volts, whereas the volt drop on the brushes 1 and 2 
at the same current was found to be about 3 volts. 

The total is, therefore, 1271 volts or 5'5 per cent. of the machine 
pressure, so that the necessary superposed field must be 5:5 рег cent. 
of the total. 

The total field was found to be 3:3 megalines, and B about 8,000, so 
that the inductance of the superposed field B, = 440 lines. 

Fig. ro shows the altered field condition. 

To obtain an approximate estimate of the additional iron losses due 
to the presence of the superposed field, the armature can be divided 
into two halves. 

Part I. under poles $, Мв performs a cycle of magnetic change 
between the limits + 8,000 and — 8,440. Тһе hysteresis loss for 
this part will be about the same as if the cycle took place between 
the limits + 8,220 and — 8,220.* 

For Part II. the magnetic change may be calculated to be between 
the limits + 7,780 and — 7,780. The same reasoning holds good for 
the eddy-current loss. The increase in iron loss in watts can now Бе 
found from the formule :— 


р (nnB'$-F В B?)10~4 — ith (n n В, + 8 n? B,?) 
+ + р (уп В, + 8, В} 107%, 


n taken at 00018. 
В at 521077. 
20102 yy. 


р = volume of armature iron in d Мз = 13. 
B = 8,000. 
В, = 8,220. 
В, = 7,780. 


This worked out gives a value of оо26 Joules, which lies far beyond 
the accuracy of the instruments used. 
The extra pull on the shaft due to the superposed field is :— 
AB? AB? 
Вл 8х 


* See Benischke, Die Grundgesetze der Wechselstrómtechnik, p. 77. 
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(in which A is the area of a pole = 418 cm.?), which amounts to 119 
kilogrammes. 

It is evident that this side-pull cannot influence the friction loss to 
any extent, as the armature weight is about 300 kilogrammes. 

Second Method.—A pressure of 40 volts is necessary to drive the 
motor current through the armature at full-load condition (see 
Table A, column 4), of which 1271 volts are taken up in ohmic drop— 
the back E.M.F. is for this reason 27:9 volts ог 12°65 per cent. The 
superposed motor field is therefore 1,030 lines. Тһе actual беја 
distribution is therefore— 


Вуд == 0,030. 
Вхв = 6,970. 
Bsa = 7,500. 
Вев = 8,440. 


Working in the same way as for Method 1, the additional iron 
loss is found to be 0°52 Joules, whereas the side-pull on the shaft 


Time in hours. 


Curve VI.—Temperature curve. 


amounts to 560 kilogrammes. The pull in direction Sa, Sg is 
119 kilogrammes, so that the resultant is 570 kilogrammes, which in 
many cases is about the side-pull on the armature when the machine 
is belt-driven. 

Heat Test.—The heat test on a lapwound direct-current machine 
can be carried out on the same lines, and by measuring the armature 
resistance at intervals its temperature can be found by making use of 
the well-known formula— 


Ет = К,, (1 + а f), 


1909. ] SINGLE DIRECT-CURRENT MACHINE. 165 


== resistance at the temperature which has to be found. 
ше same at 15°. 

а == temperature cocfficient of copper at 15? == 0'004. 

== temperature to be measured. 


A correction for the temperature which must be slightly lower than 
the true values cannot be made. 

I tested the actual difference, first submitting the machine to thc 
usual Kapp-Hopkinson test, and found a maximum tempcrature rise in 
the armature of 2475, and secondly, to above test. Curve VI. shows 
the temperature rise thus obtained, which shows the difference is by 
no means appreciable (Table III.). 


TABLE III. 

| Time in Hours. Resistance in Ohms. | Temperature Rise іп Deg. С. 
| о 01382 | оо | 
of | 071420 | 6:7 
| I | 0'1460 | 141 

14 071482 I8'1 

| 

2 071401 107 
| 21 0'1503 21'9 
| 3 | O'I1510 232 
| 
| 4 | 0'1514 239 

44 071513 237 


| 


Before closing, а [ем words may be said оп the nature of the 
armature reaction in a lapwound machine, as its particular character 
is not always entirely realised, which often leads to faulty conclusions 
arrived at even by well-known writers. For example, А. Тћот еп 
writes in his book “ Lehrbuch der Electrotechnik," p. 137, if the pole- 
pairs of a lapwound machine are not of equal strength the E.M.F.'s 
induced in the armature circuits are also unequal ; for this reason the 
current divides unequally іп the armature. In Fig. 11, for example, 
the induced E.M.F. in the two upper circuits may be Е, = 115 volts, 
and due to the uneven pole-strength the induced E.M.F. in the two 
lower circuits may Бе Е, == 114 volts. The ohmic resistance of each 
two circuits in series may Бе w' — ооз ohm. What is the current in 
each armature circuit when the total current is 100 amperes ? 
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As the terminal voltage of both circuits is equal, we can write :— 


E,— iw = E |i w =c. 
115 — í 0'05 = 114 — 1, 0'05. 
I = (i, — 9) 0'05. 
1, — i, = 20. 


In case the total current is 100 amperes— 


i, — 60 amperes. 
1. = 40 amperes. 


It is quite clear that in this calculation the equalising effect of the 
armature reaction is overlooked. 


FiG. 11. 


FIG. 12. 


Say that the armature of a 4-pole lapwound machine is eccentric and 
the air-gap under one north pole is smaller than under the other, thus 
making the former stronger and the latter weaker, a pressure difference 
between the two corresponding brushes of the same polarity occurs, 
and a circulating current tends to flow. The armature reaction due to 
this current weakens one south pole and strengthens the other; this 
causes a difference of polarity between the other two brushes, and a 
current will tend to flow whose magnetic action opposes and partly 
wipes out the original difference in strength between the two north 
poles. This equalising effect depends mainly on the difference in 
strength of the other two poles of the saturation of the field, and the 
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ampere-turns on the armature, so that a projection of the magnitude 
of the circulating current is impossible. As an illustration, I made the 
following test :— 

Strengthening one north pole and weakening the other, a potential 
difference of то volts was obtained between the two positive brushes 
at a certain excitation. After having closed switch S, and S, (see 
Fig. 12), a load was put on the machine, and the difference of the 
ammeters А, and A, gives the out-of-balance current. The results are 
tabulated below (sce Table V.). A second point I investigated was 
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Curve VII.—Out-of-balance current in amperes, 


how the out-of-balance current is dependent on the saturation of the 
fields, keeping the pressure difference between the two brushes equal 
at various excitations. Curve УП. shows that the out-of-balance 
current increases readily when the poles get saturated. This, how- 
ever, does not represent the actual working condition of the machine. 
As soon as the poles get saturated the actual difference due to eccen- 
tricity of the armature ог to any other reason* will diminish rapidly. 


* In case the out-of-balance voltage between two brushes of the same polarity is 
due to one pole-piece being porous, the same will not diminish with increase of the 
field strength. 
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TABLE IV. 

ume] atc Out-of-Balance | Field Current. | Suto planes current in | 
| | = 
| IO 0'84 2'0 
10 | 1'40 2'4 
| 10 | 1'80 3'7 

10 | 2°40 | 63 | 
| EE 

IO | 2:80 9'2 | 
10 | 3°20 | 1172 | 
| 10 3°60 | 14'4 | 
| 10 4'10 | 172 | 

TaBLE V. 
а" Current А, іп Amperes, Current А, in Amperes. | 

1-5 | 50 30 

1:5 109 87 

15 205 19'0 

1'5 27'9 20'2 

1'5 309 295 

r5 340 330 

U5 479 405 

rs 461 445 

15 50% 480 

I'5 550 52'0 


"Tur 
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These two facts explain why in a lapwound machine the current 
divides fairly equally in the armature at all magnitudes of excitation 
cven when the armature is appreciably out of centre. 


This equalising effect of a lapwound armature is not onlv dependent 
on the condition of the field, it is far more complicated, and a closer 
study of this phenomenon should be of great value to manufacturers. 


НИНННН 


Fic. 14. FiG. 15. 


It is easy to see that the brush position and direction of rotation are of 
great influence. 

Let Fig. 13 represent a 4-pole lapwound machine, running as motor. 
Say the brushes are shifted backward over angle a, the armature reac- 
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tion demagnetises all four poles. If the air-space under N, and S, is 
smaller than that under S, and N,, N, will be weaker than N,, S, weaker 
than S,, and a superposed field will exist in which— 


N, is a south pole, N, a north pole, 
S, » » a » » 

Hence the lag in the brush position works favourably on the 
uneven field distribution due to eccentricity of the armature. 

I am unable now to go further into this subject, which seems of the 
greatest importance, and well worth the attention of the designing 
engineer. 

The effect of the direction of rotation on the even distribution of 
the armature current can clearly be seen from the following Table VI. 


TABLE VI. 


| Out-of-Bafance 
Current A, in Current А, in Current in Brush Direction of 
Amperes. Amperes. per Cent. Position. Rotation. 
of Ag. 


50'0 12'0 317'00 Neutral Standing 


25:8 29:6 | 1220 s Clockwise 
31:6 364 Со 3720 Lagging » 
23'4 10'70 Leading j 
470 Neutral | Counter-clockwise 
2°75 Leading 


4°65 Lagging 


The armature was driven by a motor, the field was unexcited, and the 
current was sent through the brushes as diagram Fig. 14 indicates. 

A useful application of the armature reaction of a lapwound machine 
is a constant-current machine, which will be more efficient and easier 
to commutate than the Rosenberg machine. The useful generator field 
is not excited by a big armature current, but is separately or self- 
excited, and only in case the speed varies one way or the other will a 
balancing armature current flow through the short-circuited brushes. 
Fig. 15 may illustrate the working of the machine. Poles N and S are 
excited from the positive and negative mains, and a current will tend 
to flow as indicated. The armature current, however, excites a field in 
direction F,, making P, north and P, south. This will result in a 


- 
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current which will flow down under P, and up under P,, demagnetising 
the poles N and S almost completely. 

By exciting P, and P, equal and opposite to F4, however, a particu- 
lar current :, can flow, whose armature reaction is equal to F, = Ел 
If now the speed goes ир ¢, will tend to increase, Е, becomes bigger 
than Е, and poles М and S are demagnetised accordingly. In case 
the speed goes down Е, becomes smaller and N and Sare strengthened. 
I carried out some tests in this way, and am preparing a paper on this 
subject. 


DISCUSSION. 


Dr. W. Е. SUMPNER : Itis very difficult for any one fully to appreciate 
or to criticise the method described until he has actually tried it and 


thoroughly understands its working. It looks complicated on paper, 


but I have no doubt it is a good method when one gets used toit. The 
test as applied by the author to a 4-pole machine is described as a single 
machine test, but might equally well be described as a test on two 
machines. Any multipolar machine can be regarded as a number of 
complete machines permanently coupled together electrically and 
mechanically. 

Mr. S. Н. HOLDEN: I shall be glad to have information as to whether 
the test will not be somewhat affected by the short-circuit currents 
between the scgments under the brushes due to the wcakening of one 
pole and the strengthening of the other. With regard to bearing 
friction, which Dr. Lulofs rightly says is small, I do not think that the 
difficulty is quite overcome by arranging that the pull caused should be 
upwards, because in that case the bearing friction will be less than 
under actual working conditions. 

Dr. С. КАРР: I hope that some of the members present will be able 
to give the results of their experience with Mordey equalising connec- 
tions. We have always understood from the text-books that it is 
dangerous to work the machines without these connections on account 
of the heavy circulating currents that would otherwise occur. If the 
author is right in his conclusions the equipotential connections might 
be dispensed with. 

Mr. A. E. Gorr: The present paper is the fourth during the session 
on the testing of electrical machinery—a fact which emphasises the 
importance of the subject. I do not quite see how the test can be 
applied to machines having an odd number of pairs of poles, although 
the author considers that there is no difficulty. I would also point 
out that although dynamo designers make the shaft very rigid in order 
to resist side stress, yet in the test described it would appear that 
the weakened poles are all on one side of the armature, which is bound 
to produce stresses for which the machine is not designed, particularly 
in view of the shorter air-gaps incidental to some interpole machines. 

Dr. J. D. CoarEs: I have had the privilege of sceing many of the 
author's tests, and consider one of the most striking is that showing the 
inherent equalisation of the currents in the various armature circuits of 


Dr. 
Sumpner. 


Mr. Holden. 


Dr. Kapp. 


Mr. Gott. 


Dr. Coales. 


Dr. Coales. 


Mr. Wigley. 


Dr. Lulofs. 
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a lap-wound machine, owing to the reactions of these currents. The 
paper leads to the conclusion that it is even more difficult to measure 
the resistance of an armature under normal running conditions than is 
generally supposed, at any rate in the case of a lap-wound machine. 
The method usually adopted when such a measurement is rcquired is 
to send a current through the armature and to measure the resistance of 
the armature when running in one direction with the ficlds unexcited, 
and then again while it is running in the opposite direction. Тһе mean 
of the two measurements is then supposed to give the true resistance, 
because the E. M.F. due to residual magnetism is then eliminated. The 
method leaves the reactions of the currents out of consideration, and 
these may considerably modify the distribution of current amongst the 
circuits, rendering the measurements quite unreliable. 

Mr. G. A. WiGLEY (communicated) : The author is to be congratulated 
on having successfully solved a difficult problem, but, at the same time, the 
method does not admit of such universal commercial application as might 
at first sightappear. Inthe first place, it is obvious that a 2-pole machine 
cannot be tested in this manner. Secondly, the author states that the 
test may be carried out оп a “lap-wound machine, provided it is not 
supplied with Mordey equalising connections " ; and, thirdly, the method 
is not at all applicable to a series- or wave-wound machine ; whereas 
the Kapp-Hopkinson test may be applied equally well to all machines, 
including compound-wound machines, provided that the series field 
turns on the motor are reversed. 

Manufacturers generally employ wave-windings for small machines 
wherever possible, on account of the superior slot-space factor and the 
elimination of troubles due to unequal pole-strength, although sometimes 
the latter advantage is sacrificed by making the number of brush sets 
fitted equal to the number of poles, in order to reduce the length, and 
therefore the cost, of the commutator. Equalising rings are nearly 
always fitted to parallel or lap-wound armatures, especially now that 
the general use of special commutating poles has raised the sparking 
limit and made the heating limit relatively more important. 

As the successful testing of electrical machines by the ingenious 
method carried out by Dr. Lulofs is of such importance, it will be 
gratifying indeed to learn that he has succeeded in applying his method 
in the above-mentioned cases, which in practice constitute so large a 
majority. 

Dr. W. LuLors (in reply): I do not deny that the method I have 
described is complicated, but I think it compares favourably with other 
complicated tests. I consider that the test will be particularly useful 
in cases where one machine only is available. Dr. Sumpner seems to 
disagree with my definition of a single machine. But my object was 
to show that the circulation-of-power test can be done on a single 
direct-current lap-wound machine only, this having the great advantage 
that no second similar machine is required for the test. I feel sure that 
designers have not paid enough attention to the fact that the circulating 
current in a lap-wound armature reacts in such a таппег as to wipe out 
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the cause which produces it. This effect is decreased with the satura- 
tion of the poles, as I have shown on page 167. It may therefore 
be advisable to design lap-wound machines with fields of moderate 
saturation, although in doing so the differences of pole-strength due to 
eccentricity of the armature, etc., will be increased. As to the effect on 
commutation due to the alteration of poles, this is a matter I cannot deal 
with straight away, but in any case it is a very small effect and not likely 
appreciably to alter the efficiency. 


Dr. Lulofs. 
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FLYWHEEL LOAD EQUALISERS. 


By J. S. PECK, Member. 


(Received from the MANCHESTER LOCAL SECTION Фапиағу 19, and read at 
Manchester on February 23, 1909.) 


The flywheel has long been used as a load equaliser on steam 
engines, rolling mills, punch presses, etc., but its use in connection 
with an electrical machine as an equaliser of the load on a generating 
station is of comparatively recent origin. Тһе use of the accumulator 
or storage battery for this service is common practice, and for certain 
conditions of operation it is admirably adapted, but for other conditions 
the flywheel equaliser is cheaper, more efficient, and in general better 
suited. The great advantage of the accumulator is that it can be built 
commercially for very large capacities, and can be used to carry peak 
loads, which may be of several minutes’ or of several hours’ duration, 
whereas the amount of energy which can be stored in even a large 
flywheel is comparatively зта = Оп the other hand, a flywheel may 
be brought up to speed in a few seconds, and may be made to give up 
its stored energy in the same time, while several hours are usually 
required for charging an accumulator, and it gives its best results when 
discharged at a correspondingly slow rate. It is thus evident that 
where the load fluctuations are extreme and of very short duration the 
flywheel cqualiser is better suited, and that where the load fluctuations 
are more gradual and the peaks and hollows of long duration the fly- 
wheel equaliser 15 unsuited and the accumulator well adapted. Ап 
accumulator could be installed, of course, which would have sufficient 
capacity to handle fluctuations in load however violent, but one of 
cnormous size would be required, since a very small percentage of its 
total stored energy can be given out in a few seconds’ time, while 50 per 
cent. of the total stored energy of a flywhecl can be discharged in an 
extremely short time. 

As is well known, a flywhcel can neither give up nor receive energy 
unless its speed be changed. The foot-pounds of energy stored in a 


flywheel are equal to $ Мт, where M is the mass a and V is the 


velocity in feet per second of a point at the end of the radius of gyra- 
tion. If a flywheel of mass M be slowed down from velocity V to 


* The total energy in а то-юп flywheel running at a peripheral speed of 20,000 ft. 
per minute is about 750 k.w.-minutes, and as only approximately one-half this 
energy can be taken from the wheel economically, the amount available is but 
375 k.w.-minutes = 750 Клу. for 8 minute = 1,500 k.w. for à minute, etc. 
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velocity V, the energy given up is 4 M (V^ — V;?) From this it will be 
noted that the flywheel effect depends upon the peripheral speed and 
not on the revs. per minute. There is no object, therefore, in making 
the revs, per minute higher than necessary to give the maximum allow- 
able peripheral speed on the flywheel, with a reasonable diameter, for 
when the maximum safe limit of peripheral speed has been reached 
any further increase in revs. per minute means a reduced diameter with 
à Corresponding increase in the length of the flywheel. If the limiting 
speed of the flywheel is 20,000 ft. per minute, then a speed of 1,000 revs. 
per minute will give a wheel 6 ft. 4 in. in diameter, which is about as 
small as it is desirable to go for flywheels of any great weight. 
The flywheel load equaliser consists essentially of an electrical 


Fic. r.—Lancashire Dynamo and Motor Company's Equaliser System. 


I. Flywheel machine. 

2. Special series winding. 

3. Shunt resistance for B. 

4. Solenoid operated regulator. 
5. Automatic controller for 4. 


machine coupled to a flywheel, the electrical machine being arranged 
to act as a motor and speed up the flywheel when the load on the 
system is below a certain value, and to act as a generator, slowing down 
the lywheel and returning power to the system when the load exceeds 
а certain value.* Тһе operation of the machine is controlled by an 
automatic regulator, which in most systems operates to strengthen or 
weaken the field of the electrical machine. 

It is evident that to obtain satisfactory equalising the electrical 
machine must be able to act either as generator or motor at any speed. 
within tbe limit over which it is to work. Naturally the direct-current 

* [t will be noted that this definition does not cover the Прпег and similar systems, 
for in the Прпег system no energy is returned to the mains, as the flywheel cqualises 


only for the particular load supplied by its own generator, and not for loads on other 
parts of the system. Thus the Ilgner set is not a load equaliser iu the same sense as 


за storage battery. 
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machine suggests itself as being most suitable for this work, since by a 
variation of its field strength it can be made to act either as generator 
or motor over a wide range of speed; in fact, so well suited is the 
-direct-current machine for this purpose that it is used not only оп 
direct-current systems but also on alternating-current systems, the 
alternating current being converted to direct current simply to permit 
the use of a direct-current machine. 


EQUALISERS FOR DIRECT-CURRENT CIRCUITS. 


One of the simplest forms of load equaliser for direct-current 
circuits is that made by the Lancashire Dynamo and Motor Company 
(Kelsall and Warburton patents) one of which was exhibited at the 
Manchester Electrical Exhibition, and was described very briefly in Mr. 
Wood's paper on this general subject, read before the Institution at Man- 
chester two years ago. It consists of a direct-current machine coupled 
to a flywhecl, and an automatic regulator which is adjusted to keep a 
constant output on the mains. Тһе direct-current machine has three 
field windings—a shunt winding, a winding in series with the armature 
for overcoming the armature drop, and a special winding in series with 
the circuit on which the load is to be equalised. "This special winding, 
which assists the shunt winding, is shunted by a resistance, the amount 
of which is controlled by the regulator. Тһе system is shown diagram- 
matically in Fig. 1, its action being as follows: When the load on the 
mains falls below the average the decrcased current through the special 
winding tends to cause the machine to motor and speed up the flywheel, 
thus taking power from the mains. Аз the flywheel increases in speed 
and the current falls, the regulator begins to cut out the resistance in 
shunt to the special winding step by step until the speed limit is reached. 
When the load exceeds the average value the process is reversed, and 
the regulator cuts in resistance at such a rate as to maintain a constant 
load on the circuit. А photograph of a flywheel set is shown in Fig. 2. 

An interesting feature in connection with these sets is that the 
fly wheels are run at a peripheral speed as high as 25,000 ft. per minute. 
A maximum speed variation of about 30 per cent. is usually allowed, 
thus permitting approximately 50 per cent. of the energy of the flywhceel 
to be utilised. 

Since the machine must work as either motor or generator over a 
speed range of 30 per cent., the commutating conditions are very 
severe, and commutating poles or other devices must be used to secure 
satisfactory commutation. Тһе size of the machine is also considerably 
larger than that of an ordinary machine of the same rating and the same 
maximum speed, since it must be able to deliver full voltage at 30 per 
cent. below the maximum speed. The efficiency of this system, i.e., 
power returned to mains 
power taken from mains' 

The Lahmeyer Company patented in 1902 a load-equalising system 
which appears to resemble one of those mentioned іп Mr. Wood's 


should be well over 80 per cent. 
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Рарег referred to above. This system is shown diagrammatically in 
Fig. 3. There are two direct-current machines, 1 and 2, coupled 
together and to a flywheel. The large machine, 1, works with a con- 
stant field, the small one, 2, with a variable field. Тһе two аге 
Connected in series across the mains, so that the voltage of 2 is added 
to or subtracted from that of 1 according to the direction of the 
voltage оп 2. When the voltage of 2 is atits maximum and opposed 
to that of 1, the voltage across the latter is a maximum and equal to 
that of the line plus that of 2. Under this condition the flywheel is 
running at maximum speed. If now a load above the average comes 
on the circuit, the voltage of 2 is decreased by means of an automatic 
regulator, which inserts resistance into the shunt field winding of 2, 
and the voltage across г is thus reduced. 1 therefore begins to 
Benerate, supplying power to the mains. Іп order that it may 
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Fig, 3.—Lahmeyer System of Load Equalising for Direct-current Systems 


1. Main equalising machine. . 

2. Auxiliary variable voltage machine. 
3. Regulator for varying voltage of 1. 
4. Starting rheostat for 1. 


continue to generate as the speed of the flywheel falls, the voltage 
of 2 must be gradually reduced to zero and then increased to a maxi- 
mum in the opposite direction. When this condition has been 
attained, the flywhecl will have reached the minimum speed at which 
generation can take place. When the load on the system falls below 
theaverage, a reverse process with reference to the voltage of 2 is 
carried out, the flywheel is speeded up, and power is taken from the 
mains. 
Since the machine 1 operates with a constant field, its voltage 
will vary directly with its speed, and if it is desired to regenerate over 
a speed range of, say, 30 per cent., it is evident that machine 2 must be 
able to give a voltage range of slightly over 30 per cent.—i.c., it must Бе 
able to add or subtract about 15 per cent. of the voltage of 3. Thus 2 
mus have 15 per cent. of the capacity of 1, and since the two assist 
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each other at low speeds, the regenerating capacity of the set is the 
sum of the capacities of the two machines. 

One advantage of the Lahmeyer arrangement over that of the 
Lancashire Dynamo and Motor Company's is that with the latter a very 
heavy field winding is required in order to enable the machine to 
regenerate at low speeds, while with the former a heavy field winding 
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Fic. 4.—Lahmeyer Winding Engine with Load Equaliser, Direct-current 
System. 


. Main сапар machine. 

. Auxiliary variable voltage machine. 

. Machine for controlling voltage on winding motors. 
. Winding motors. 

. Automatic regulator. 

. Controller for winding motors. 
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is required only on the small machine. The commutating conditions 
are very severe on the small machine, however, and it is probable that 
even on the large one commutating poles will be required. The 
regulator for the Lahmeyer system would probably be somewhat 
simpler than that for the Lancashire Dynamo and Motor Company's, 
since with the latter very heavy currents will have to be handled on 
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equalisers of large capacity. Оп the other hand, the Lancashire 
Dynamo and Motor Company's system requires but one machine, 
while the other requires two, It would probably, therefore, have а 
somewhat better efficiency and lower cost, and would appear to be a 
somewhat simpler arrangement. 

The Lahmeyer Company has installed a small electrical winding 
plant with load equaliser at Mines de Houille de Ligny-les-Aire. Тһе 
arrangement of the system is shown in Fig. 4. Тһе cqualiser is similar 
to that described above. Two winding motors are used and connected 
in series. The voltage on these motors is controlled by means of a 
variable-voltage machine 3, connected in series with the main 
machine 1, and arranged so that its voltage is added to or sub- 
tracted from that of r. То start the motors the voltage of 3 is 
brought to its maximum value equal to that of 1, and in opposition 
to it. There is then zero voltage on the motors. "The voltage of 3 is 
gradually reduced to zero, and then brought up to a maximum in the 
opposite direction, when the voltage on the motors is a maximum, and 
equal to twice that of r. 

Still another type of direct-current load equaliser is that used by 
the British Westinghouse Company in connection with their rotary 
converter equaliser, which is described elsewhere in this paper. 
Other types have been devised, but those described above are sufficient 
to show the general principles upon which most of them work. 


EQUALISERS FOR ALTERNATING-CURRENT SYSTEMS. 


There are two general classes of alternating-current load 
equalisers :- 


(a) Those in which a rotary converter or synchronous motor- 
generator set is installed for changing from alternating 
current to direct current, and a direct-current machine 
with flywheel for receiving or delivering power through 
the converter or motor-generator. 

(b) Those where an alternating-current machine is direct 
coupled to a flywheel, and the machine so arranged that 
it can act as motor or generator at any speed within the 
desired range. 


Class A.—The best known equaliser in this class is the Westing- 
house converter equaliser, which was first suggested by Mr. Rudolf 
Braun. A 500-H.P. equaliser has been in very successful operation 
for several months at the maritime pit of the Great Western Colliery 
Company in South Wales. The arrangement is shown diagrammati- 
cally in Fig.5. 1 is the rotary converter; 2 the 3-phase transformer 
supplying it; 3 the direct-current machine; 4 the flywheel; and 5 the 
automatic regulator. Тһе method of operation will be clear from the 
diagram. When the load on the mains is light, the ficld of 3 is 
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weakened, and the flywheel speeds up. When the load is heavy, the 
field of 3 is strengthened, and energy is returned to the line through 1. 

The rotary is provided with a series as well as a shunt winding. 
The two act in opposite directions when energv is being stored in the 
flywheel, and in the same direction when energy is being delivered by 


From To winding motor 


Powerhouse 


————— 
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FiG. 5.— British Westinghouse Rotary Converter Equaliser System. 


I. Rotary converter. 
2. Transformers for supplying rotary. 
3. Flywheel machine. 
4. Flywheel. 
5. Automatic regulator, 
6, 6. Series and shunt transformers for controlling 5. 


the flywheel. By making the shunt field rather strong, the rotary will 
work at approximately unity power factor when it is delivering direct- 
current power, and with a leading power factor when delivering 
alternating-current power. Thus it tends to compensate for the 
wattless current taken by the load. It can be used if desired without 
а series winding. 
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A series winding was also placed on the flywheel machine, and 
connected in opposition to the shunt winding at discharge, the object 
sought being to prevent violent fluctuations in the charge or discharge 
rate due to sudden movements in the regulator, but as the regulator 
was provided with a rather stiff dash-pot, it was found that the best 
results were obtained by cutting out the series winding and working 
with the shunt winding only. 

The field resistance is of the liquid type, and arranged to give 
a very wide range with a small movement. The resistance is 
controlled by a 3-phase induction motor, which is supplied from 
transformers in the main feeder. Originally the motor was supplied 
from three series transformers, but during the shop tests it was found 
that under certain conditions the equaliser would return energy to the 
power house and drive the main generators as motors, thus causing 
serious disturbances on the whole system. This is what might be 
expected from the use of series transformers, for the return of energy 
to the power house would mean a reversal in all three series trans- 
formers, and consequently no reversal in the direction of torque 
on the motor. Тһе effect is evidently accumulative, for the greater 
the current through the transformers the greater the torque on the 
motor, the stronger the field in the flywheel machine, and the greater 
the rate of regeneration. To overcome this difficulty, two trans- 
formers were used, and connected as shown. This gives what is 
equivalent to a “watt” connection on the motor, and the regulator 
tends to maintain a constant kilowatt output on the mains. It is 
evident that a reversal in energy will cause a reversal in the direc- 
tion of torque on the motor and so prevent the cqualiser from 
supplying energy to the generating station. After this change was 
made in the transformers, no further trouble of this nature was 
experienccd. 

Very excellent equalising results are obtained, as will be seen from 
the curves in Fig. 6, which were taken during the official tests on the 
complete plant. Тһе equaliser is set to maintain a load of 300 k.w. on 
the line, while the average for the time during which the readings were 
taken was about 294 k.w., which accounts for the reduced load taken by 
the equaliser sct toward the end of each decking period. The peak 
loads on the motor are over 1,100 k.w., while the maximum output from 
the line is about 350 k.w. The necessity for an equaliser is apparent 
from the curves. 

Fig. 7 shows the relation between time and revs. per minute of the 
winding motor. The guarantees made by the manufacturers for 
equalising and power consumption were shown by the tests to have 
been fully realised. 

The Lahmeyer or the Lancashire Dynamo and Motor Company's 
system, with properly modified regulator, could be used as the 
direct-current flywheel set for this system. Below are given some 
data regarding the Great Western load equaliser and winding 
motor :— 
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Winding Molor.—3-phase, slip-ring induction type, 2,200 volts, 
25 periods, 700 Н.Р. Efficiency 91 per cent. 

Transformer for supplying Rolary Converler.—3-phase, oil insulated, 
self-cooling, 450 k.v.a., 2,200 to 380 volts. Efficiency 97:8 
per cent. 

Rolary Converler.—6-phase, 400 k.w., 550 volts, Soo revs. per 
minute. Efficiency 94 per cent. Power required from mains 
to run rotary light, r5 k.w. 

Flywheel Generator.—350 k.w., 550 volts, 750/500 revs. per minute. 
Efficiency 035 per cent. Тһе generator has cast-iron yoke 
with laminated poles, commutating poles, and compensating 
winding. Power required from mains to run rotary and fly- 
wheel generator at maximum speed, 35 k.w. 

Flywheel.—Weight 22,000 lbs., diameter 6 ft. 1 in., width 3 ft. біп. | 
Stored energy at 750 revs. per minute, 24,000 H.P.-seconds. 
Stored energy at goo revs. per minute, 10,700 H.P.-seconds. 
Stored energy available, 13,300 H.P.-seconds = 440 H.P. for 

4 minute. 
Overload capacity of all apparatus, тоо per cent. for short 
periods. 

power delivered 

power received 


Efficiency of load equaliser, i.c. = 74 percent. 


It is often desirable to operate a rolling mill or winding engine by 
means of а very slow-spced induction motor from a 40- or 50-pceriod 
circuit. If a speed of 6o revs. per minute is required the motor must 
have approximately roo poles on a so-period circuit and 80 poles on a 
40-period circuit. The cost of a motor with such a number of poles 
is very high, while its efficiency is poor and its power factor so low as 
to almost preclude its use. To overcome this difficulty, and at the 
same time to provide a load cqualiser, the author has devised thc 
arrangement shown in Fig. 8. This scheme is somewhat similar to 
the converter equaliser of Braun, except that the rotary is replaced by 
a motor converter, and the winding or mill motor supplied from the 
connections between the rotor and the direct-current armature of the 
motor converter. Тһе direct.current flywheel machine and the regu- 
lator are the same as are used with the converter equaliser set. The 
equalising action will be readily understood. When the load on 
motor I is below the average the machine 4 acts as a motor and 
speeds up the flywheel. When the load on 1 is heavy 4 becomes 
a generator, and supplies alternating current to r through machine 
3. At the same time 2 also supplies alternating current to r, so that 
the power for driving 1 comes partly from the flywheel aud partly 
from the line. Thus motor 2 necd be large enough to supply only the 
average load of the motor 1, the peaks being taken care of by the 
flywheel through 4 and 3. 4 may be compound wound, or it may be 
run with a very stiff field in order to compensate for the magnctising 
current taken by the motor 1. The grcat advantage of this system 15 
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that it permits motor 1 to be operated at a frequency much lower than 
that of the line. For example, if 2 and 3 have the same number of 
poles, the frequency on 1 will be one-half that of the line. If 2 has 10 
poles and 3, 6 poles, the frequency on 1 equals line frequency by 44— 
i.e., if line frequency is 50, that on 1 is 183. Thus for 6o revs. per 
minute the motor would have 36 poles instead of тоо, as would be 
required if operated directly from the line. This means a great 
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Fic. 8.—Motor Converter Equaliser for Slow-speed Motor and High- 
frequency Circuits. 


I. Winding motor. 
2 and 3. Motor Converter. 
4. Flywheel machine. 
5. Automatic regulator. 
6, 6. Transformers for supplying 5. 


saving in the cost of the motor, with a corresponding improvement 
in power factor and efficiency. 

One objection to this system is that the motor cannot be operated 
if the motor converter is disabled, though it could be operated at a 
reduced output without the flywheel machine. 

The motor 1 may be 3-phase or 6-phasc, and by putting the slip- 
rings between 2 and its outboard bearing, the rotors of 2 and 3 may be 
placed as near together as desired and the middle bearing omitted. 
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With the regulating transformers placed in the position shown, 
equalisation of load is obtained only in so far as motor r, or other 
motors on the same circuit, are concerned, but by putting the regulator 
transformers in the main circuit the equaliser will within its capacity 
maintain constant load on this circuit. 

Class B.—In his paper referred to above Mr. Wood described two 
equalising systems in which alternating-current machines were coupled 
direct to the flywheel, so that no conversion from alternating to direct 
current was required. 

In the first system two induction motors with different numbers of 
poles are coupled together and to a flywheel. To speed up the fly- 
wheel one motor is used and the other cut out, so that the flywheel 
reaches a speed almost cqual to the alternations per minute of the 
supply circuit divided by the number of poles of one motor. For 
returning power to the mains the motors are connected in cascade. 
In this casc the synchronous speed is equal to the alternations per 
minute divided by the sum of the poles of the two motors. They are, 
thercfore, operating above synchronous speed, and will act as genera- 
tors, the amount of current delivered being controlled by varying the 
resistance in the secondary circuit of the second motor. Тһе objec- 
tions to this system are the large magnetising currents and the heavy 
rheostatic losses in the controller. 

In the second system the rotor of an induction motor is coupled to 
a flywhcel, and both primary and secondary are arranged to rotate. 
When primary and secondary rotate in the same direction the fly- 
wheel reaches a speed greater than the normal synchronous speed 
of the motor. If, then, the primary is slowed down and gradually 
brought up to speed in the opposite direction, the motor will be 
running above synchronism and will deliver power. Тһе speed of 
the primary is controlled by an auxiliary motor. The power factor 
of this system is much better than with the other, but the mechanical 
difficulties appear so serious as to make the system impracticable, at 
least for large sizes. The method of controlling by means of auxiliary 
motors is also rather complicated. 

The author has devised a system which he believes possesses a 
number of advantages over any system heretofore proposed for 
alternating-current equalisers, Its use is limited, however, to systems 
of low frequency—i.e., 25 periods or lower. It consists simply of 
one or more single-phase commutator type machines, similar іп 
general design to a single-phase compensated series railway motor. 
The motors are direct coupled to a flywheel, and arranged so that 
they can act as motors ог as generators at any speed within the 
desired. limits. 

It is well known that a single-phase series machine may be run 
as a gencrator, and if the ficld is excited by alternating current 
an alternating current of the same frequency will be generated 
by the armature, but as the field is highly inductive and as the 
voltage on the armature is in phase with thc fluid flux, this voltage 
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will be almost at right angles to the voltage impressed on the field. 
Consequently the field of the machine should be supplied with a 
voltage approximately at right angles to that of the circuit to which 
its armature is connected, and means must be adopted for obtaining 
voltages of the proper phase. If this is done the speed of the machine 
may be changed, and it may be made to act as motor or generator at 
any desired speed by a simple adjustment of the voltage across the 
field. Fig. 9 shows one way in which the system may be operated on 
а 2-phase circuit. Two single-phase machines, 1 and 2, are coupled 
together and to a flywheel. The armature of 1 is supplied from 
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Fic. 9.—Load Equalising by means of Single-phase Commutator Type 
Machines. 


1 and 2. Single-phase flywheel machines. 
3. Automatic regulator. 
4. 4. Transformers for supplying 3. 


Phase A and its field from phase B. Similarly the armature of 2 is 
supplied from phase B and its field from phase A. Thus the desired 
phase relations between field and armature are secured. The field 
voltages are controlled by means of the automatic regulator 3, which 
cuts resistance in or out of the circuits. This resistance preferably 
should be inductive, in order that the phase relations between current 
and voltage may not be disturbed in the field circuit. 

Instead of using field control as described above, the same result 
might be secured by means of armature control. In this case a trans- 
former with a number of tappings would be placed between armature 
and line. Ву changing from one tapping to another, the voltage ratio 
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between armature and line would be changed, and the machines 
changed from generators to motors as desired. A combination of field 
and armature control could, of course, be used. 

The current for magnetising the fields of a single-phase machine is 
considerable, and as it is practically wattless, it has an effect upon the 
power factor of the line. This objection is overcome by exciting the field 
from an alternator driven by a synchronous motor. This arrangement 
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Ес. 10.—Load Equaliser for Alternating-current Circuits. 


1 and 2. Single-phase machines. 

. Automatic regulator. 

Series and shunt transformers for supplying 3. 
. Alternate-current exciter. 

. Synchronous motor. 

Dircct-current exciter. 

. Device for adjusting phase angle of 6. 
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is shown in Fig. ro, where 5 represents the exciting alternator, 6 the syn- 
chronous motor, and 7 a small direct-current machine for exciting the 
fields of the synchronous machines. It is evident that by varying the field 
strength of 5, the fields of the single-phase machines may be controlled 
as desired. The voltage regulator with this system will be small and 
easily operated. Motor 6 may Ье very small, since the current 
delivered by the alternating exciter is practically all wattless. 8 
shows an arrangement for shifting the stator of 6 circumferentially 
with reference to the stator of 5, in order that the phase of the voltage 
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of 5 may be shifted with reference to that of the line, thus permitting 
the single-phase machines to deliver leading currents to the line to 
compensate for lagging currents taken by other apparatus. 

To reduce the size of the exciter sets, the arrangement shown in 
Fig. 11 may be adopted. Here the alternating exciter is connected in 
series with the line, and arranged so that its voltage may be added to 
or subtracted from that of the line. If a speed variation of 3о per 
cent. is required, the exciter need have only about r5 per cent. of 


Fic. 11.—Load Equaliser for Alternating-current Circuits. 


1 and 2. Single-phase machines. 
3. Automatic regulator. 
4. Series and shunt transformers for supplying 4. 
5. Alternating-current exciter. 
6. Synchronous motor. 
7. Direct-current exciter. 


the capacity of the exciter shown in Fig. 1o, so that the capacity of the 
Whole exciter set would be very small. 

For 3-phase circuits two transformers may be used with Scott 
Connection for changing from 3-phase to 2-phase, and two motors 
employed, or three motors may be used, one supplied from each phase. 
The fields may be excited by a 3-phase alternator, or from the line 
through transformers connected to give the proper phase relation 
between field and armature. Fig. 12 shows a 3-рћазе equaliser and 
One method of securing field voltages at right angles to armature 


voltages, 
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POSSIBILITIES FOR THE USE OF FLYWHEEL LOAD EQUALISERS. 


When considering the advisability of installing a flywheel load 
equaliser, the following points will probably prove the determining 
factors :— 


1. Nature of load. 

2. Capacity of generating station. 

3. Regulation of system. 

4. Distance of load from generating station. 


Nalure of Load.—As was fully explained in the first part of the 
paper, the flywheel equaliser is suitable only when the peak loads are 
high and of short duration. 
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1, 2, 3. Single-phase motors. 
4. Transformer for supplying current to field windings. 
5. Automatic regulator. 
6, 6. Serics and shunt transformers for controlling regulator. 


Capacily of Generating Slalion.—When the generating station has 
ample capacity for dealing with heavy peak loads, the use of a flywheel 
equaliser need not be considered, in so far as peak load reduction is 
concerned, but where the station cannot stand the peak loads, an 
equaliser may prove much cheaper than additional generating plant. 
It may happen that a generating plant has ample capacity for standing 
the peak loads thrown on it by a large motor when the motor is first 
installed, but as the station load increases the plant may become 
overloaded, and a flywheel equaliser be very desirable. 
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Regulation of System.—Although the generating station has ample 
capacity for supplying the peak loads, the effect of these loads upon 
the regulation of the system may be so bad as to make a flywheel 
equaliser very desirable. 

Where a gencrating station supplies a large number of different 
classes of work, it 15 not likely that the nature of the load will be such 
as to make the use of a flywheel equaliser advisable for smoothing out 
the load on the whole station, though one may very likely be used to 
advantage to equalise the load taken by a single customer. Its greatest 
field, however, will be for equalising the load on a single motor or 
group of motors used for the same class of work. 

It is the author's opinion that the direct-current flywheel equaliser is 
not likely to come into very extensive use, asthe majority of large systems 
generate alternating current, and it appears to be the practice now to 
instal alternating-current motors wherever possible, instead of con- 
verting to direct current. Also the question of regulation is not so serious 
on direct as on alternating-current circuits. 

Most of the large supply companies and corporations situated in the 
coal or steel districts expect the collieries and stecl mills to become 
their largest customers, but a large part of this load is likely to be used 
for rolling mills and electric winding, a demand which on account of 
its intermittent nature is much more desirable if the peaks and hollows 
of the load be smoothed out. When the motors are of large sizc, or 
the capacity of the station almost reached, or when violent fluctuations 
іп the load affect seriously the regulation of the whole system, a 
flywheel load equaliser is desirable, if not essential. 


DiscussioN. 


Мг. MILES WALKER: The problem of equalising the load is M 


difficult, because so many things require to be done at the same 
time. First we have a machine which is to be started, then we have 
another machine which is to take a very heavy peak, then probably our 
source of supply is from an alternating-current system at high frequency, 
so that all the requirements of the plant are difficult to meet, and all 
the means for supplying it are of the opposite kind to what ts wanted. 
It is interesting to note that in many of the methods advocated a com- 
mutating machine is made use of, both for getting a good starting 
torque and also for operating upon the flywheel, whose speed must be 
changed and which must both receive and give out power, for either of 
which purposes the commutating machine seems very well adapted. 
You will notice, however, from the last paragraph in the paper that 
notwithstanding the fact that the commutating machine has the right 
characteristics, the tendency is to do away with it, and to use an 
induction motor. It is quite possible to use an induction motor for 
starting if we are prepared to waste a certain amount of power in the 
rhcostat, and in some cases this plan is preferred rather than the employ- 
ment of a commutating machine. It would seem that if we could in 
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some way still use the alternating-current motor and do away with the 
loss from the rheostat, we should have a much more satisfactory 
apparatus. If we are going to have a commutator at all on an 
alternating-current system, it would almost be better to use a system 
like some of those already mentioned, in which the commutator 
instead of dealing with the whole voltage of the motor deals with the 
motor circuit at a low voltage. It is possible to change the speed of an 
induction motor through a wide range by changing the voltage of the 
rotor by means of an exciter having a commutator, and although the 
exciter has to deal with the whole current, it does not have to deal 
with the whole voltage, and this would seem to be an advantage. If 
you take the system put forward by Mr. Wood on page 186, and 
connect a polyphase exciter to the induction motor, so as to be able to 
change its speed independently of the load on the motor, I think we 
should have a fairly efficient load equaliser, and one which would work 
at high frequencies just as well as at low frequencies. Then again, if 
we use the induction motor for such work as driving rolling mills with 
varying loads, we might use the exciter for changing the speed at once 
to take energy out of the flywheel without using a rheostat. 

Mr. H. W. WiLsoN: I have had a considerable amount of 
experience with the use of buffer batteries on variable load systems, 
an arrangement which has been on the whole satisfactory as regards 
equalisation of load. The great drawback to itis the heavy depreciation 
of the battery. Му firm recently installed a flywhcel load equaliser in a 
plant where a battery and a reversible booster had been in use for about 
three years. At the end of this period the battery was practically 
destroyed, and so far as the running results up to the present time are 
concerned, we find that a flywheel load equaliser produces the same 
effect as the battery, and does it much more satisfactorily. In this 
particular case the working voltage is about 550, the peak load about 
220 amperes, the average running load 8o amperes, and for half the 
time the load drops down to about 12 amperes. Тһе peak comes on 
very suddenly, and without a battery or a load equaliser of this type а 
very scvere strain would be thrown on the generating plant, which is 
gas-driven, and would cause grave concern for the life of the gas 
engines. What I have seen of the plant shows that the load equaliser 
takes roughly about 40 to 50 per cent. of the peak load comfortably, and 
gets the plant over the maximum load, which lasts less than a minute. 
After that the engine is able to run satisfactorily, and, when the load 
has fallen away, the energy is restored to the flywheel system, and the 
speed is again increased. Тһе cost of an equipment such as the 
author mentions is much less than the cost of a battery and reversible 
booster, and the depreciation is also very much less, so that there сап 
be little doubt that for a load such as I have described, a load equaliser 
of this kind is the most satisfactory. Of course, where the peaks are of 
a longer duration, it is difficult to get sufficient energy into the flywheel 
to carry you over. Unfortunately there is very little information 
available in this country of actual running results from plant of this 
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kind over lengthy periods, and it is not easy to say how it actually 
compares in efficiency with a battery, when the latter is kept in good 
condition. Тһе battery in the case I have referred to was not in good 
condition, and its efficiency was probably not more than 30 per cent., 
and there is no doubt that the efficiency of the flywheel load equaliser 
is very much higher. But prejudice dies hard in this country, and my 
experience has been that people who have had a battery seem to 
become greatly attached to it whether it is good or the reverse, and 
they express great fear that if a flywheel equaliser were driven at too 
high a speed it might burst and cause a serious accident. 

А case came to my knowledge some years ago in which a small 
tramway company was being supplied with power at a considerable 
distance by a generating station, which was selling the current to 
them, and in that case they had a reversible traction booster, and 
a small battery in a sub-station of their own some 24 miles from 
the generating station. The advantage of this arrangement was a 
great saving of money on the cables, and in that way I think an 
apparatus of this kind would be very useful if it could be put in 
close to the motor load, either on the consumers' premises or in a 
sub-station in the district, or in small traction systems wherc the 
peaks are very considerable, and altogether out of proportion to 
the average load. As far as my experience goes, it is difficult with 
a plant of this kind located in the generating station to get anything 
like as good a voltage regulation as you can with a battery. In the 
first case I mentioned the generators themselves are not particularly 
good: in regulation, and it is more difficult to make the voltage hold 
up with the flywheel load equaliser than with the battery, although 
the battery was in very bad condition and had a very low efhciency. 
I have had no experience of flywheel systems on alternating-current 
machinery, nor do I know of the actual working results of such a 
system having been published. 

Mr. V. A. Н. McCowen: As far as the application of a load 
equaliser to a public supply system is concerned, it would appear to 
me that the generating station is hardly the place to instal it. In a 
public supply, owing to the many different purposes for which 
current is used, the load flattens out at the station, and I think 
probably the best place to fix an equaliser would be in the remoter 
districts, where one gets abnormal peaks, and thus keep the feeders 
evenly loaded. The same thing occurs with large tramway loads; 
you get a flattening of the peaks, which renders a machine of this 
kind comparatively useless, but in small tramway loads I believe it 
would have the effect of reducing the amount of power necessary 
to mect the demand. 

Мг. C. Е. SuiTH : Ц is interesting to notice the similarity in 
the auxiliary machinery employed in connection with the two types 
of load equalisers—the flywheel and the storage battery. Тһе 
arrangement of series boosters, differentially wound motors, etc., 


shown in the early part of the paper, bears a remarkable similarity 
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to the corresponding diagrams for a battery booster regulating installa- 
tion. Mr. Peck has discovered a use for a much-neglected machine, 
viz., the shunt alternating-current motor. Тһе series single-phase 
motor is often employed, but the shunt motor has so far been looked 
upon as useless. The difficulty with a shunt alternating-current motor 
is that the current in the field circuit lags very much bchind the 
terminal voltage, and when the power factor of the armature circuit Is 
high, there is a large difference of phase between the field and the 
armature current, and consequently a low torque. Now, if there 
be only a small current in the shunt circuit, and possibly a resistance 
to bring the power factor up to a comparatively high value, the motor 
will have a very good torque over quite a considerable range of speeds. 
A close approximation to coincidence in phase between the current 
in the field and the armature can be obtained throughout this 
range, and therefore a satisfactory torque and fairly good power 
factor. The shunt machine, when used as a generator, has many 
advantages. It has a constant frequency, independent of specd, 
and by compensating for armature reactions, I imagine one could 
get terminal voltage which would be almost independent of the power 
factor of the load circuit. It is interesting to me to see the shunt motor 
come into practical use, although I notice that it is referred to in the 
paper as a series motor. I think the shunt motor ought to get the 
credit where it can. І should like to suggest that by using a shunt- 
winding of many turns, and taking only a small current, it might be 
possible to dispense with the special exciter, especially on a 3-phase 
circuit, where a choice of phases for the supply is available for giving 
the desired phase relation. 

Мг. Eustace Тномаѕ : We have made the switchboards and auto- 
matic gear for one or two of thc equalisers in use. My impression 
is that the switching and automatic arrangements will probably Бе 
simplified with advantage as time goes оп, and it has occurred to me 
several times that perhaps in the future something may be done 
towards making the generating plant act as its own equaliser, by 
enabling its flywheels to work over a greater range of speed, and 
to supply some of the energy now supplied by a separate equaliser. 
I suppose most cases of flywhecl equalisers at present are considered 
in relation to existing plants, but in the future it may be possible 
to consider the matter in reference to plant which is not actually 
put down. It does certainly seem that it would be possible to 
arrange a regulating system on the field of the machine which will 
give you a sufficiently uniform voltage, even though the speed of 
the generating plant may vary over quite a wide range. Of course 
the horse-power of the plant would go down with lower speed, but 
even with this there might possibly be some advantages with very 
violent peaks, such as occur with winding plant. 

Mr. E. C. МсКіхкох: In the paper the author gives the battery 
its proper place as a load equaliser, and I do not think Mr. Peck should 
have gone from that standpoint in his opening remarks, where he stated 
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that a battery was not suited to sudden and rapid fluctuations of load. 
I submit that it is admirably suited to these conditions, provided it 
works in conjunction with a reversible booster, which must, of course, 
be instantaneous in its action ; a differential booster would not suffice. 
The author states that the energy from a battery cannot be taken out 
rapidly in a few seconds, as in the case of the flywheel load equaliser, 
but the battery would yield its output just as rapidly up to the 
capabilities of the booster. I do not think Mr. Peck is correct in 
stating that a flywheel load equaliser is more efficient than a battery. 
He states that the efficiency of a flywheel equaliser is 0774 per cent. (no 
doubt this is a slip for 74 per cent.), whereas a storage battery working 
оп a rapidly fluctuating load will give an overall ейсіепсу throughout 
a working day of at least 85 per cent. It is true that the efficiency of a 
battery on a long continuous discharge is about 75 per cent., but, 
working on a fluctuating load, and only giving out a rclatively small 
proportion of its maximum output, it gives a very high efficiency, 
85-90 per cent. 

In discussing the advisability of installing a load equaliser, Мг. 
Peck apparently refers only to flywheel equalisers, but there аге 
several important considerations beyond thosc stated, as regards the 
installation of load equalisers in general. For instance, some saving to 
the engineer might be claimed for the apparatus, and if so, I think 
engineers would be largely guided by the extent of the saving. 

With reference to Mr. Wilson's remarks, more especially where 
he refers to the deterioration of the battery as being very rapid, I 
have good reason to believe that I know the installation he refers to, 
and can give a very good explanation why that particular battery 
deteriorated. It happens to be a case where the battery is fixed on a 
transporter bridge in a small town, where the gas supplied from the 
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mains is of very inferior quality. The engineers inform me that when | 


they have come in the morning to start up the gas engine, it has some- 
times been nearly half an hour before they could get the machine to 
run, and meanwhile they have used the battery instead. If a battery 
is intended solely as a load equaliscr, it naturally deteriorates when 
repeatedly used, in addition, as a main generator. 

It is not correct to talk about the efficiency of a battery dropping to 
зо per cent. This fact is very frequently confused, to the detriment of 
the battery. If an efficiency of only 30 per cent. is obtained, it signi- 
fies that the battery is receiving over 50 per cent. unnecessary charge. 
The real efficiency of a battery is found by putting back on charge the 
amount taken out on the previous discharge, plus an amount required to 
bring the cells up to a full state of charge, the difference representing 
the inefficiency of the battery. The efficiency of a battery is practi- 
cally constant throughout its life. It is the capacity of the battery 
which may fall, but not its efficiency. 

Mr. |. S. Peck (іп reply): Mr. Wilson asked about working results. 
The only plant with which I have any acquaintance is that at the 
Great Western Colliery, in which the equalising results are very good, 
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as will Бе сеп іп Fig. 6. The overall efficiency of the complete plant 
—i.c., units from line per ton of coal raised—is within the guaranteed 
value. The plant has now been running for several months, and except 
for a few minor troubles which developed soon after it was started, the 
working has been entirely satisfactory. Mr. M'Cowen mentioned the 
desirability of placing the load equaliser near the load to be equalised. 
I quite agree with this, for if it were placed in the generating station 
it would not equalise the load on the feeders, which is one of the 
things desired. In my remarks on the last page of the paper, where I 
referred to equalisers placed in the gencrating station, I meant to con- 
vey the idea that this was an arrangement which would very seldom be 
feasible. It is possible that the flywheel load equaliser will be useful 
on small tramway systems, but this will depend almost entirely on the 
nature of the load. 

Mr. Smith referred (о the fact that I had called this a series machine 
when it was really a shunt machine. Of course it is a shunt machine, 
but in design and construction it is practically identical with a series 
compensated motor, except that it is operated as a shunt machine 
instead of a series machine. 

Mr. Thomas asked whether flywheels could not be used on the 
generators. We had one case where a comparatively small alternating- 
current generator supplied a motor for driving a haulage plant, and we 
seriously considered the question of putting a heavy flywheel on the 
generator and arranging the governor of the engine so that when the 
normal load was exceeded the machine would slow down and permit 
the flywheel to help out the engine. This arrangement would be 
possible with alternating current only where there is no objection to 
fluctuations in frequency. If additional apparatus had been supplied 
from the same gencrator such a system would not have been feasible, 
With direct-current machines it would be possible to put on an auto- 
matic voltage regulator and permit the speed to drop, but this would 
require a large margin in the field, since a maximum voltage would be 
required when the speed is below normal. Regarding battery dis- 
charge rate, the idea I meant to convey was that a battery is not suit- 
able where it must be fully charged and completely discharged in the 
course of a few seconds. I stated in my paper that it would be 
possible to put in a storage battery large enough to handle any load, 
but it would hardly pay to put in a battery where the load rises several 
hundred per cent. above normal in the course of a few seconds, and 
then drops to zero in a correspondingly short time. The efficiency that 
I gave for the Great Western plant should be 74 per cent., and not 
0'74 per cent. It must be remembered, of course, that this is an alter- 
nating-current system, and if a battery is used on an alternating-current 
system, a rotary converter with transformers or a motor-generator set 
will be required. 
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NOTES ON SAFETY OF WORKING ELECTRICAL 
PLANTS IN COAL-MINES. 


By SIDNEY А. SIMON, В.А., Associate Member. 


(Received from the GLascow LocaL SECTION February 6, and read at 
Glasgow on March 9, 1000.) 


Now that the new rules of the Home Office have been in force for 
some considerable period, and the fresh impetus thus given to the 
development of electricity in mining operations has had time to show _ 
some effects, it is interesting to cast a glance over: the achievements 
and to discover what are the lessons to be learned from the experience 
gained.* 

In the first place, and this is a noteworthy fact, and one upon which 
all connected with the electrical industry can congratulate themselves, 
there has been a remarkably small number of serious accidents invol- 
ving loss of life or injury to persons or property. And particularly no 
accidents have occurred which have occasioned explosion of firedamp 
or coal dust—a danger so intimately connected with coal-mining to 
which one may safely say the framing of the rules was primarily due. 
In point of fact, so far as danger to persons and property is concerned, 
except in this one particular, electricity in mines does not differentiate 
itself materially from electricity in a large number of other branches of 
industry. 

This would tend to show, on the one hand, that engineers and 
colliery owners are working along the right lines,and on the other, 
that the danger of electricity may have been exaggerated, so that with 
good work carried out by reliable people with a reputatign at stake 
these dangers become fairly insignificant. 

This should not, however, be taken as a reason for relaxation of 
precautions, for although the danger of an accident may not be 
imminent, yet the effect of one occurring might—and probably would— 
be very disastrous, 

It is therefore desirable to find out what are the lessons to be learned 
from the experience gained during the last three or four years as a 
guide to future developments, especially with a view of obtaining the 
greatest economy in initial outlay compatible with safety. 

The past immunity from accidents makes the problem much more 
difficult, as there is, in consequence, no indication by actual experience 
as to which of the variety of protective designs which have been utilised 
and which are put forward as the best or only means of securing perfect 
safety by their respective supporters, may be less safe and more likely 


* This paper was written before the accident at the Featherstone Colliery on 
January 21, 1909. 
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to cause a disaster than any one of the others. It is, however, absolutely 
necessary to determine the value of the claims put forward by those 
favouring any particular design of protective device, as the consequence 
of any error in this respect might have such disastrous effects of so far- 
reaching a character as seriously to interfere with the development of 
the electrical industry in its application to collieries. 

On the one hand, such an investigation might lead to the necessity of 
adopting designs which in point of cost would prohibit the use of 
electricity entirely (from a commercial point of view), while on the 
other hand, it might show that costly designs for so-called protection 
are really sources of danger which defeat their own ends. 

'The special rules distinguish between two distinct classes of loca- 
tion of electrical apparatus, viz.: (1) Places or parts of mine where 
General Rule No. 8 of the Coal Mines Regulation Act, 1887, applies ; 
(2) АП other places. This rule is quoted verbatim below.* 

Rule 37 (Section V., Motors) only provides for the enclosure of all 
current-carrying parts of motors, switches, starters, and accessories in 
flame-tight non-inflammable enclosures of sufficient strength to resist 
the effects of an explosion in the interior in all locations under Class r1, 
unless the place in question is a room separately ventilated with intake 
air. 

It would, therefore, appear that according to these rules, in all 
locations under Class 2, as well as such locations under Class r, which 
can be separately ventilated with intake air, no special protective 
devices are called for except such as would be dictated by common 
sense or ordinary engineering experience to comply with the local 
conditions obtaining in similar locations in any other branch of 
industry. 

In underground working the atmosphere is usually warm and very 
often damp, whilst in many cases, such as in the neighbourhood of 
pumps, it may be charged with moisture, or there may even be water 
actually dripping from the roof or lcaking pipes, splashed from pro- 
jecting rocks, or sprayed from the pumps. 

Due precautions should therefore be taken that the insulation of 
the winding and current-carrying parts is of a character to resist the 
continued action of moist atmosphere. Тһе insulating material used 


* Extract from the Coal Mines Regulation Act, 1887 :— 
“Кесік VIII. 
“Use of Safety Lamps in Certain Places. 
No lamp or light other than locked safety lamp shall be allowed or used 


“(а) In any place in a mine in which there is likely to be any such quantity of 
inflammable gas as to render the use of naked lights dangerous, or 

* (b) In any working approaching near the place in which there is likely to be an 
accumulation ot inflammable раз. 


“And when it is necessary to work the coal in any part of a ventilating district with 
safety lamps, it shall not be allowable to work coal with naked lights in another part 
of the same ventilating district situated between the place where such lamps are 
being used and the return air way.” 
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for high-tension work is generally better suited to stand this action 
than that commonly used on low or medium pressures, and it is there- 
fore specially important in cases where mediuin pressure is employed 
to pay particular attention to the class and method of insulation, and 
to avoid the use in it of any material of a hygroscopic nature. 

The accumulation of coal dust on the windings should be avoided 
as much as possible, as it might form a conducting film or layer over 
the insulation to the frames. Periodical inspection and clcaning should 
be enforced as a preventative. 

From the above considerations it will be clear that the motors 
should be placed in well-built chambers, properly lighted and venti- 
lated with intake air, where there is less likelihood of water dripping 
from the roof, and where there is light for inspection and room to give 
access to all the working parts of the motor, and to which, by being as . 
far as possible shut off from the main roadways, there is less liability 
for the penetration of coal dust. Such chambers can easily be kept 
clean, and the writer has seen many of them in Continental mines, 
which, with their arched roofs and spotless tiled pavements, it was 
difficult to conceive were боо or 700 yards below the surface of the 
ground. 

Тһе engine-man having care of machinery in such a chamber has 
every inducement to take a pride in the condition of his charge, and is 
thus stimulated in his attention, with decided advantages to the owners. 

Wherever possible, therefore, the location of electric machinery in 
such chambers should be resorted to, and then no special protective 
device would be required, but standard machines would тесі all 
requirements, 

If it is impossible to avoid dripping or spraying water by building 
the chamber with waterproof arches and walls, ог by arranging a suit- 
able roof over the motor to lead off the water and prevent it dropping on 
to the motor, it is necessary to have recourse to enclosing covers which 
should be of the weatherproof ventilating pattern, designed so as to 
interfere as little as possible with the cooling of the motor. 

The covers, however, should be opened readily to admit of frequent 
examination of the windings with a view to prevent accumulation of 
coal dust. Totally enclosing covers admitting of no ventilation do to a 
great extent prevent the accumulation of dust, but interfere very con- 
siderably with the cooling, and necessitate the use of large types of 
machines in which the material is insufficiently utilised, with a conse- 
quent lower efficiency and higher price. Even the choice of larger 
tvpes with reduced output is not always sufficient to Ксер totally 
enclosed motors within the limit of permissible temperature rise, and 
artificial means of cooling, such as water-jacketing of the motor cases 
and bearings, has to be resorted to, which still further increases the 
price of the motor, the complexity of working, and the running cost. 

There is, however, a practical difficulty in regular inspection, 
examination, and cleaning of a motor with enclosing covers of any 
kind in the negligence or carelessness of the average attendant, who 
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will not take the trouble to open up his motor every day for the 
purpose, whereas it is not nearly so difficult to get him to clean up and 
blow out an open-type motor regularly—firstly, because there is less 
trouble involved ; and secondly, because the inspecting official is more 
likely to notice any default on his daily rounds. 

Article 38 (Section V., Motors) provides that in any place where 
General Rule No. 8 applies a reliable apparatus for the detection of 
firedamp shall be provided, and immediately an indication of firedamp 
appears the person in charge of the machine shall immediately cut off 
the current and report the matter to an official of the mine. 

This, no doubt, would also apply to special chambers separately 
ventilated with intake air when located in such district, even if only as 
a precautionary measure, to indicate whether or not the ventilation of 
the chamber were working properly. Тһе question therefore arises 
whether the motor should also be provided with any special protection 
as a further precautionary measure to prevent danger in the case of the 
presence of firedamp not being noticed soon enough, and in conse- 
quence the motor not being stopped in accordance with the rule. In 
general, I am of the opinion (which I believe is shared by the 
majority of engineers) that such measures are not necessary. It is 
very unlikely that a defect in the windings, with consequent burning 
out, sparking, or arcing over to the frame, would occur without some 
previous warning (especially if insulation tests are frequently carried 
out), and the chance that such an occurrence would coincide with the 
unexpected presence of firedamp in the special chamber is so remote 
as almost to amount to a practical impossibility. Тһе provision of 
totally enclosing so-called flame or explosion-proof covers would there- 
fore appear to be entirely unnecessary as a precautionary measure, even 
should it be proved that these would be infallibly a perfect protection. 
As I shall show below, however, it is not at all certain that such 
covers form an absolutely certain protection, and by providing them 
one would create a false sense of security which might lead to very 
grave consequences. 

The question, therefore, resolves itself into whether or not it is 
necessary to enclose any current-bearing moving contacts at which 
there is a likelihood of sparking occurring in service. 

The probability is that the majority of such motors would be of the 
induction type ; those working on continuous service for driving end- 
less haulages, pumps, creepers, or fans would, if of the slip-ring type, 
in all probability be provided with devices for short-circuiting the 
rotating windings and lifting the brushes, so that the moving contacts 
would only be in use for a short period of time when starting up. Such 
motors undoubtedly do not require enclosures of any sort, as an 
attendant could always ascertain and avoid starting the motor if fire- 
damp were present. Motors which require frequent stopping, starting, 
or speed regulation, ћомсхег—е.2., for main and tail haulages, staple 
winders, hoists, etc.—would not be provided with short-circuiting and 
brush-raising devices, and there would be a likelihood of sparking 
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occurring the whole time they were in service. Even for such cases, 
however, no hard-and-fast rule for enclosing can obtain. Тһе advisa- 
bility of enclosing such slip-rings would depend on local conditions, 
which determine the degree of possibility or probability of the uncx- 
pected presence of firedamp in the chambers. 

For all motors with their apparatus and accessories located in 
positions where General Rule 8 applies, and which are not in 
chambers separately ventilated with intake air, the rules call for total 
enclosure, and it therefore only remains to investigate from experience 
gained how far such means afford protcction, and to what extent this 
protection should be applied to cases above discussed where the total 
enclosure is not actually required by law. 

Experiments were carried out for the purpose of determining the 
value of totally enclosing as a protection against explosion at the time 
of the special committee on the use of electricity in mines, and details 
of these experiments are contained in the minutes of evidence 
published in 1904, upon which the report and recommendation were 
based. Exhaustive experiments with the same object were also 
commenced on the Continent about the same time, and extended 
into 1905. The results of these experiments not only confirm those 
arrived at by the special committee, but thanks to the well-planned 
and methodical manner in which they were executed, give a large 
amount of most valuable additional information bearing-on the subject. 

I propose to give a short account of the results of these tests, and in 
doing so I do not lay any claim %0 originality. 

So far as I am aware, however, no account of these has Бесп 
published in this country іп a readily accessible form, and I believe 
there is still a large number of engineers interested in this branch 
of the subject who have no knowledge of these experiments. This 
is, therefore, my excuse in putting before you what may appear to 
some of you as ancient history. 

The trials in question were carried out conjointly by six of the 
leading electrical engineering firms in Germany and the Committee of 
the Westphalian Mining Fund, who kindly placed special experimental 
galleries at their disposal and bore a share of the expenses. 

In these galleries the apparatus to be tested was operated in 
explosive atmospheres, both of air and actual firedamp, and of air 
and fine coal dust. The firedamp was drawn from a disused working 
of the mine on which the galleries were built. 

The trials were divided into three distinct series :— 


I903.— Tests of special apparatus and machines submitted by 
the firms concerned. 

1904.— Tests to determine suitable means of protecting apparatus 
and machinery to avoid explosion. 

1905.— Tests on motors provided with the protection. 


The tests of 1903 showed that practically all the protective devices 


202 SIMON: NOTES ОМ SAFETY OF WORKING [Маг. 9th, 


fitted to motors proposed were either insecure and a positive danger 
in an explosive atmosphere, or ineffectual for mechanical or electrical 
reasons. Such, for example, were enclosing of complete motor with 
wire gauze or solid covers, enclosing of overhung slip rings in solid 
so-called gas-tight covers, or immersion of slip rings in oil. So far 
as the totally enclosing of the complete motor or of the slip rings 
was concerned, it was found practically impossible to prevent the 
entrance of explosive mixture into the interior, especially if the motor 
were frequently started and stopped with consequent alternate heating 
and cooling of the enclosed gases. 

If sparking occurred in the service of these motors, an internal 
explosion occurred, which generally either blew the enclosing covers 
off, otherwise damaged the motor casing, or expelled flames and 
ignited gases through the bearings and oil wells, thus in most cases 
communicating the explosion to the surrounding atmosphere. It was 
found, however, that if gaps were provided of a certain size, t.e., 
not too small to prevent the egress of the heated gases and cause 
a dangerous rise of pressure, and not so large as to allow free passage 
of the burning gases, the communication of the explosion was 
avoided. 

The covering of the openings with wire gauze (even with two 
layers) was not found altogether satisfactory. In many cases this may 
have been due to the too coarse mesh which had been provided, 
but generally it was found that the gauze did not offer sufficient 
cooling surface relatively to the large volume of gas enclosed to 
prevent its being raised to a dangerous temperature, and finally 
allowing the explosion to be communicated to the external atmosphere. 
А curious phenomenon was observed with this method of enclosure 
which also tended to render the protection ineffective : the continued 
combustion inside the motor of firedamp after the first explosion 
had ignited it. As combustion proceeded, the hot products were 
carried off through the gauze at the top of the motor, and fresh firc- 
damp was introduced below to take its place and thus feed the Яате. 
The consequence was that the gauze was soon raised to a very high 
temperature and destroyed, and an explosion took place in the 
gallery. 

А further disadvantage of this class of motor is an clectrical one, 
due to the very small amount of ventilation which the бпе-тезћса 
gauze required permits, in deference to which it is necessary to design 
the motor practically on the same lines as a totally enclosed one, 
so that the electrical characteristics are not of the best, and the motor 
is large, heavy, and high in price. 

In the case of slip-ring motors the immersion of the slip rings in oil 
was found to cause difficulties of an electro-mechanical nature, which 
entirely precluded their employment. 

In consequence of the negative results of these trials, the second 
series of experiments (of 1904) was undertaken. In the first place, 
the nature of the explosion was studied, and how this depends 
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on the volume of gas, quality of the mixture, configuration of the 
enclosing casing, and position of the origin or point of ignition. In 
particular, observations were made on the extent to which the nature 
of the explosion was modified by introducing partitions with orifices 
and other obstacles. 

When a mixture of firedamp and air is exploded in a closed vessel 
free of internal obstacles, the maximum pressure of the explosion is 
about 6} to 7 atmospheres when the volumetric percentage of methane 
is about 7 to 8 per cent., the pressure being attained about $ of a 
second after ignition. With a smaller or larger percentage, not only is 
the maximum pressure less, but the explosion takes place at a slower 
rate, с... with about 53 pcr cent. of methane the pressure rises to 
about 3$ atmospheres, the maximum being reached in about $ second, 
while with about 13# per cent. methane the maximum pressure is onlv 
about 4 atmospheres, this being reached about 1 second after ignition. 

Experiments with various sizes of containing vessels showed that the 
actual rate of explosion depended to some extent on the shape and 
volume, but the maximum pressure was practically independent of 
these variants. 

This, however, does not apply if obstacles are introduced which 
materially alter the configuration, nor to two vessels communicating 
with one another through a small aperture. If ignition takes place in 
onc of the two vessels, the pressure in the second may rise to much 
more than 7 ог 8 atmospheres. In some cases it was found to rise to 
as much as 12 atmospheres. 

This is of the greatest importance in designing enclosed apparatus 
for mining purposes, and shows that the designer must under all cir- 
cumstances avoid apparatus enclosed in several separate compartments 
communicating with one another through small apertures, ¢.g., а case 
containing a switch and fuse in separate compartments, with small 
holes between the two through which the electrical connections pass. 
At first sight the statement might seem paradoxical that the more gas- 
tight the lid of such a case fits the greater is the danger if an explosion 
does occur inside. A test on such a switch and fuse box, however, 
proved this conclusively. Each compartment А and B was closed with 
a separate lid held in place with four screws. When tested by exploding 
an explosive mixture in each compartment separately, the apertures 
being closed with tight-fitting plugs, no adverse results were observed ; 
when both compartments were filled with an explosive mixture, how- 
ever, and the plug in one of the apertures in the dividing partition 
was removed, on igniting the mixture in compartment A a violent 
explosion occurred which completely wrecked compartment B, and 
that notwithstanding that the lid of A was not a tight fit, but allowed 
some of the gas to escape round its edges. 

A similar result was observed in an enclosed 3-рћазе motor with 
slip rings enclosed in a separate casing outside the bearing. Тһе 
motor casing was provided with several small openings covered with 
fine gauze, while the slip-ring casing was provided with a so-called 
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labyrinth seal, the function of which was to prevent a serious rise of 
pressure in case of an explosion—in fact, to act as a sort of safety-valve. 
The motor was run in an explosive atmosphere (in the trial gallery), 
and after running some time the gas in the motor casing was artifi- 
cially exploded to simulate the effect of an earth or short circuit. A 
violent explosion occurred in the gallery, and it was found that the 
casing of the slip rings had been blown off, the 47 rivets, 3 mm. $, being 
torn asunder. The explosion in the motor casing had been communi. 
cated to the gas in the slip-ring casing through the oil well of the 
bearing, the high pressure generated in the motor casing, notwith- 
standing the gauze-covered openings, being sufficient to force the oil 
out of the oil well and drive the iguited gas into the slip-ring casing, 
igniting the mixture there with the above-described results. Owing to 
the explosion taking place there under pressure, it was much more 
severe than it would have been under ordinary circumstances, so that 
the safety-valve arrangement above described was no protection. 

Owing to the difficulties of building motors and other electrical 
apparatus actually gas-tight, г.е., in which there is no communication 
between the inside and the surrounding atmosphere, and the observed 
fact that an explosion can take place in a box with a badly fitting lid 
without communicating itself to the surrounding atmosphere, a series of 
experiments was undertaken with a view of studying this phenomenon. 
It would hardly be within the scope of this paper to give the details of 
these experiments ; suffice it to sav that with a very explosive mixture 
of about 9 per cent. methane an explosion can take place within a 
vessel with a comparatively large aperture, without the surrounding 
gas being ignited by the flame issuing from the aperture; with a 
greater or lesser proportion of methane the danger of igniting the 
surrounding gas increases, and the limiting size of aperture for safety 
decreases. The immunity from external explosion also depends on the 
distance of the point of ignition from the aperture ; the nearer the point 
of ignition to the aperture the greater the danger of external explosion. 
This immunity from external explosion depends on two factors—the 
so-called “expansion action" and the time clement. Experiments 
have shown that an explosive mixture of firedamp ignites at a mini- 
mum temperature of about 650° C. It must be exposed to this 
temperature for about ro seconds, however, before ignition takes place. 
Тһе hot gases issuing from the casing at a high-pressure expand, and in 
so doing cool themselves below the temperature of ignition of the 
surrounding gas. If the pressure of explosion in the casing is high 
enough, the hot gases issue at such a velocity that the duration of 
exposure to the surrounding mixture through which they are ejected is 
not sufficient to cause ignition before they are cool. Тһе results of 
these experiments may be summarised as follows :— 

I. The maximum pressure developed in a vessel of moderate capacity 
by an explosion ðf accumulated firedamp is about 6'5 atmospheres. ТЕ 
in the inside of the vessel small portions are divided ой by internal 
objects, and the compartments thus formed communicate with one 
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another through comparatively long and tortuous passages, some portion 
of the enclosure may be exposed to a pressure of 8 atmospheres. Моге- 
over, if the interior is partitioned off into large spaces communicating 
with one another through small apertures, according to the size and 
number of these compartments, internal pressure тау be developed 
which no practicable method of enclosure can be made to resist. Іп 
mines of very great depth the internal pressure is proportionally higher. 

2. Small openings, such as narrow gaps or fine slits in the enclosure, 
are not dangerous. Тһе larger the area of opening, the less effective 
is the enclosure, and especially so if the aperture does not expose 
cooling surfaces to the gas in its passage through it. Moreover, it is 
less effective the nearer the point of ignition is to the aperture, and the 
danger increases inversely with explosiveness of the раз. Ап enclosure 
which is not gas-tight, or one with openings, is generally safe if the 
pressure of the ignited gas rises to гі atmosphere or more before flames 
are expelled. 

It was further found on extending these experiments to motors 
that the rotation of the rotors modified considerably the effects 
produced. Thus an enclosing cover of the slip rings of an induction 
motor was found to be perfectly safe with an opening of 60 sq. mm. in 
all kinds of gas when the motor was at rest. When the motor was 
running, however, with a hole of 100 sq. mm., the internal pressure of 
explosion rose so high as to burst the cover off and cause an external 
explosion, while in subsequent trials with a still larger opening, although 
the internal pressure remained within safe limits, vet the flames issuing 
through the opening caused an external explosion. Тһе rotation, 
therefore, appeared to increase the pressure and rapidity of the 
explosion. In another case a totally enclosed continuous-current 
motor had holes of 8 mm. diameter drilled through the covers. When 
stationary, 16 holes with an area of about 800 sq. mm. together were 
found safe ; while with 20 holes, with an arca of 1,000 sq. mm., an 
external explosion occurred. When running, 32 holes (1,600 sq. mm.) 
were still safe ; but with 34 holes (1,700 sq. mm.), an external explosion 
took place. Although then an enclosing cover with apertures in it may, 
under certain circumstances, be an ettective protection, it cannot be 
rclied on in every case, as its efficacy depends on the composition of 
the gas, the position of the point of ignition relatively to the aperture, 
and to the state of motion of the rotating parts—all of which, and 
particularly the last factor, may influence the effect of an explosion in 
a manner which cannot be determined а флот. Under the most 
favourable circumstances, moreover, the maximum safe area of the 
openings is small, so that a motor would have to be designed practically 
with the characteristics of a totally enclosed motor. In order to increase 
the effectiveness of this method of protection, the labyrinth enclosure 
was proposed. This consisted of two or more perforated covers placed 
one in front of another and arranged with the apertures in adjacent 
covers staggered so that the gases had to pass some distance over the 
surface of the covers in passing from one opening to the next, whereby 
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it was hoped that some of the heat would be extracted by the metal 
covers. Although by this means the size of the openings could be 
made much larger than in the case of the single cover, it was still 
found that the results of an explosion inside depended on the same 
factors, and only іп the case of the point of ignition being in close 
proximity to the opening could any cooling effect be noticed. Similar 
results were found to occur with the use of tubes in front of the open- 
ings, in passing through which it was hoped that the gases would be 
cooled. Allthese methods of protection were thus found to be unre- 
liable, and had to be discarded. 

In order to combine the advantages of a ventilated motor with 
a reliable flame-proof protection, a series of experiments was carried 
out to test the efficacy of wire gauze, the utility of which in the case 
of the Davy lamp has stood the test of time. Steel, copper, and brass 
wire gauze were used in the tests, having 144 square openings to 
the square centimetre, with wires 0:35 mm. diameter, in which the 
openings cover about one-third of the total area. They are practically 
the same dimensions as employed in the safety lamp. 

In the first place, the material of the gauze did not affect the result 
to any appreciable extent. As in the case of covers with apertures, it 
was found that the protection depends on the position of the point of 
ignition of the gas, and is also influenced by the configuration of the 
internal parts and the state of motion of the rotating parts. Тһе effects 
of position of points of ignition were found to be entirely the reverse of 
the effects in the сазе of the enclosure with aperture. The danger of 
an internal explosion being communicated to the outside increased 
with the distance of the point of ignition and depended directly on the 
explosiveness of the gas. There appeared to be a relation between the 
minimum area of the gauze and the volume of the vessel. By adding 
layers of gauze (with a small intervening space between adjacent 
layers) the total minimum efficacious area of gauze is reduced. Thus 
for a certain vessel a single layer of not less than 455 sq. cm. was 
required, a double layer of 2 x 176==352 sq. cm. was sufficient, and 
a triple layer of 3 X 41 = 123 sq. cm. was still quite safe. Ву increasing 
the number of layers the ventilation is seriously impaired, while a single 
layer is very liable to mechanical injury, which might impair its 
mechanical strength. When gauze protection is used it is of the 
utmost importance that no other openings or gaps are present, such 
as might occur through a badly fitting joint, as thereby the protection 
would be subverted. Even a hole in the gauze, caused by the 
removal of the little cross between four holes, was found to be sufficient 
to impair its efficacy and cause an explosion. A gap round a cover of 
I mm. width was found to be a source of danger. А gap not exceeding 
$ mm. width and 50 mm. deep was found to be safe, as the hot gases, 
in passing the 50-mm. surface, were cooled sufficiently to prevent 
danger. 

One of the greatest disadvantages of gauze protection was found to 
be the “ burning" mentioned before, which although in most cases not 
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sufficient to damage the windings, усі was enough to cause local heating 
and final destruction of the gauze at those points, with a consequent 
explosion. 

From the observed fact stated above, that slits or gaps of not more 
than о5 mm. width and about 50 mm. depth are not sources of дапрсг, 
finally a form of protection was devised which embraces all the advan- 
tages of gauze without its defects. It is the so-called “ plate" protection. 
It possesses mechanical strength, permits of ventilation, prevents an 
explosion by cooling the issuing gases, and is not damaged by after 
burning should this phenomenon take place. It consists of a series of 
plates, usually $ mm. thick and 50 пип. deep, placed side by side at a 
distance of $ mm. from one another in openings of the motor or 
apparatus casing. These plates are usually in the form of rings or 
hollow squares, but they can be апу shape or size. Any number can 
be used, according to the amount of ventilation required, and the 
protection secured is independent of the position of the point of 
ignition, the relative volume of the containing vessel to the area of 
opening and of the composition of the gas. 

Summarising the above observations, it can be stated that of all the 
various methods proposed as protective devices, the use of a labyrinth 
enclosure, an enclosure pierced with pipes, and the so-called flange 
enclosing are totally unreliable as protective devices, and must be 
rejected as unsafe. 

On the other hand, the complete enclosure, the enclosure in wire 
gauze and the " plate" protection, afford reliable methods of pro. 
tection, and can safely be adopted when suitably applied. To these 
must be added oil immersion. 

So far as the total enclosure is concerned, this method of protection 
is mainly available in cases where internal ventilation is not essential in 
order to carry off the heat gencrated in the apparatus. Apparatus or 
machinery in which heat is generated is, generally speaking, therefore, 
not suitable to receive this method of protection. In order to be 
effective, the complete enclosure has to be made very strong indecd, 
entailing considerable weight and initial cost. On the other hand, this 
method of protection provides a safeguard against external mechanical 
injury as well as against internal explosion, and it must be remembered 
that it is almost a practical impossibility to make any enclosure so 
perfectly gas proof as to entirely prevent an explosive mixture collecting 
in the interior, unless it is absolutely physically enclosed (as by soldering 
or welding). This method of enclosure is therefore mainly applicable 
to switch-gear, junction boxes, and very small motors. 

The protection by means of wire gauze permits of ventilation, and 
in this respect affords an advantage over a total enclosure. Wire 
gauze, however—which must be doubled to be safe—is very liable 
to mechanical injury, which would easily destroy its protective 
qualities. It must therefore be further protected by a mechanical 
safeguard. 

Тһе plate protection affords ample ventilation, and at the same time 
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sound mechanical protection, and should therefore be considered as the 
most suitable enclosure for all motors. 

The protection by oil immersion is difficult of application to 
machinery which is in constant motion—e.g., the slip rings of 3-phase 
motors. It is therefore mainly applicable to switchgear in which 
sparking would otherwise occur in the ordinary course of service. 
It can with advantage be combined with plate or gauze protection. 

In applying any of the methods of enclosing above mentioned, 
particular care should be exercised in the design of the machinery or 
apparatus to prevent any communication between large spaces through 
passages or apertures, where such communicating spaces might give 
rise to the development of exceedingly high internal pressure in case of 
an explosion occurring. 

As far as possible, therefore, the electrical apparatus which is 
installed underground, and especially larger motors driving pumping 
plant, main and tail or endless haulages, winches, hoists, creepers, etc., 
which can be grouped close to the pit bottom, should be placed near 
the downcast shaft in the neighbourhood of the main airways ; or if in 
the neighbourhood of the upcast shaft, in separate chambers specially 
ventilated with intake air, so as to avoid the necessity of any special 
protective device against explosion. 

Where, however, this is not possible, so that the motors and the 
switchgear must be placed in locations coming within the provisions of 
Rule No. 8 of the Coal Mines Regulation Act, then as far as possible 
plate protection should be provided on the motors, the windings being 
enclosed in one enclosure, and any part (such as slip rings) in which 
sparking is liable to take place in service should be enclosed in 
a separate enclosure, particular care being exercised to prevent 
any communicating passages between the two enclosed spaces, total 
enclosure being only adopted in the very smallest motors. 

The switchgear should be of the enclosed type, either total or 
protected by “plate” protection or gauze, preferably with oil break 
switches and cartridge fuses, and with no possibility of an explosion in 
one compartment being communicated to the gases in any other. 

I trust that these few notes will induce other members to give the 
results of their experience and express their views, and that the 
resulting discussion may be another step in the direction of determining 
the correct lines of.development of electrical apparatus for use in 
collieries. 


DISCUSSION, 


Мг. 5. Mavor: I entirely agree with the general view of the 
subject taken by the author. We should not exaggerate the risks 
attendant on the use of electricity in fiery mines, and we should 
do everything in our power to reduce them to the vanishing point 
or at least to a minimum, and Mr. Simon has shown what can be done 
to meet the conditions so far as motors themselves are concerned. 
What has been done is no doubt a great testimonial to the general 
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safety where electricity has been applied, although I am not sure 
that I can go so far as Mr. Simon does in supposing that no scrious 
mishaps have occurred. I am sorry to say a few have come to my 
notice which I have no doubt were due to the use of clectricitv. I 
think in this country we ought to have had more guidance from 
the Home Office with regard to rendering motors as safe as possible 
against explosive gas. As the author pointed out, experiments were 
made in the year r9o4, the year before the appointment of the Home 
Office Committee on electricity in mines. At Woolwich there is a 
specially constructed gallery for making tests in explosive atmosphere ; 
this is suitable for testing electric apparatus. Further investigations 
are urgently required, and should be conducted. It is rather extra- 
ordinary that the results of so very important a scries of experiments 
made in Germany four or five years ago should only now have been 
made common property of engincers in this country, who have been 
obliged to use their independent judgment in rendering the apparatus 
safe for practical purposes and have been without such valuable 
information as the author now gives us. The paper is full of most 
useful points, such as the importance of isolating enclosed chambers 
from each other. Some time ago I made a practice of hermetically 
sealing the communication between the switch and fuse boxes in 
mines, because it seemed to me that the smaller the volume of con- 
tained gas, the less the risk of bursting the box. Опе extremely 
important point which has not been touched upon is the necessary 
ratio of the area of vent to the volumetric capacity of the enclosed 
motor or switch box. That is the point upon which I would ask Mr. 
Simon to give us some supplementary information, and I should 
be glad to know if a motor has ever been experimented on in that 
way, and whether we can have his assurance that the motor ће 
describes has sufficient vent area. I have for some time used three 
or four sheets of gauze with a strong cast-iron grid above, but in these 
motors I should hardly advise that. In motors about 70 or 80 H.P. I 
have given a foot and half square, but that may not be sufficient, 
and it would be a great advantage to manufacturers if the Home 
Office would say whether it is or is not, which they might well do, with 
all the facilities that they have at Woolwich to test such motors. 
There is also the difficulty that coal-cutting machines admit dust 
into their interiors, and hitherto I have completely enclosed coal 
cutters, but I have not been quite happy about it, because in the event 
of an explosion taking place a cover may be blown off, or something 
sufficient to allow an escape of gas. A coal cutter is necessarily under 
the immediate charge of a man who ought to be somewhat above 
an average collier in intelligence, and in a fiery mine he has to use 
a lamp which gives an indication of danger by showing a blue cap on 
the flame, and whenever it does so he will stop the machine till the gas 
is swept out and ventilation improved. There is one point in the paper 
which I think is hardly clear, and I would like to ask whether I under- 
stood Mr. Simon to say that an explosion in a motor might take place 
VoL. 48. 14 
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and the flame might find egress without igniting the surrounding gas, 
owing to the cooling effect of the expanding products of combustion. 

Mr. G. STEVENSON : In the first place, I would like to emphasise a 
statement made on page 100, namely, that periodical inspection and 
cleaning should be enforced as a preventive. I have had some little 
experience in mining work, and I know what a great deal of cleaning 
goes on and what pride men take in their plant in regard to its working 
and gencral appearance. At the same time, it is hardly necessary, as 
Mr. Simon suggests, to have white tiles on the floors in order to make 
the men take an interest in their work. I find that with the common 
staff employed in a mine, if the men are given good plant to start with 
they take a great interest in it. Тһе author has referred to the 
question of cables. Не deals principally with electrical plant in 
mines, but I presume that cables come under this category, and I 
should like to hear his views on the cable question. There is 
another type of motor to which he has not referred, and which 
I believe could be used in some cases, with fan device inside and 
an opening for a pipe at the commutator end, also another opening 
at the pulley епа. It is sometimes necessary to place the motor in an 
up-cast shaft, and where this has to be done it would be a simple 
matter to use this type of motor, as a supply of fresh air could be 
obtained by leading pipes through to the down-cast shaft. I do not claim 
that such a type of motor could be used in all cases, but there are 
cases where it could be applied, and I would like to hear what the 
author has to say on that point. With regard to this special plate 
protection, I would like more information. For instance, it may be 
all right when the plant is first put down in a mine, but when you 
come to open up a motor and take off these plates how do you make 
your joint connection so that the arrangement will be perfectly flame- 
tight? Another thing I would like the author to tell us, is the etfect 
produced on the rating of a motor by putting on these plates. How 
much would the output be increased, as compared with the same 
machine totally enclosed? This, of course, is a very important point 
from the manufacturer's point of view. At the top of page 206 the 
author mentions an arrangement of tubes in front of the opening, but I 
do not quite follow that, and I would like him to make the arrangement 
more clear. Turning to the question of motors generally, I think 
that the whole paper tends to support my views relative to the use 
of squirrel-cage versus slip-ring machines, and if I had anything to 
do with fiery mines I would certainly attempt to make arrangements 
for using the former type wherever possible, as slip-rings and brushes 
are altogether objectionable. Ав to the question of switches and fuses, 
I һахе no confidence in air-break switches. І believe that the best 
switch is undoubtedly the oil-break type, and the use of this type of 
switchgear is the strongest argument in favour of the 3-phase system, 
as applied to mines. 

Mr. Н. W. CLOTHIER : А$ a student of mining conditions I am a 
little disappointed that we have not had more information in the paper 
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about switchgear. In the second paragraph of the paper Mr. Simon is, 
I think, rather too sanguine about past experience, for it is only a few 
weeks ago that there was an explosion іп a mine in England where 
two pitmen lost their lives through a flame being emitted from a joint 
on a switch. In that case, according to the evidence at the inquest, 
the switch-box was provided with a joint, consisting of a ring of a 
small section fixed into a groove and bcaring on a narrow edge, the 
hinge being a fixed one and with clamping screws only on the opposite 
side, a very common form of switch which has bcen so-called gas-tight 
and flame-proof and suitable for mines. In this particular case it would 
appear that the rubber jointing material was displaced and allowed the 
emission of a flame through the opening when the man was opcrating 
the switch. In order to obviate such dangers as that it is the practice 
of the firm with which I am connccted to use а wide flange joint on 
such switches for both air and oil breaks. There is a good. wide 
metal-to-metal surface clamped down by a number of bolts all round, 
and even if it is not sufficiently tightened there is no harm done, as we 
have what is tantamount to the plate protection. Мг. Simon has 
pointed to the difficulty of making an electrical apparatus gas-tight, 
and that is mainly because one has to have parts projecting through 
the case, and if there are glands at these points thcy are likely to be 
too tight and cease to operate, and so we must have clearances. Тһе 
ure of oil-break switches is questionable on continuous-current systems. 
It is generally considered that an oil break is likely to give rise to 
abnormal voltages when breaking on very inductive loads. I do not 
agree with the previous speaker, who says that he gets entire pro- 
tection from explosion by the use of oil. It seems to me quite possible 
for a flame to protrude from an oil-break switch if the joint is not 
suitable, because on breaking the flame will rise up through the oil if it 
has a sufficient power behind it. We have seen tanks blown off with 
à very heavy shock, but if oil-break switches are provided with strong 
Cases and with wide metal-to-metal machined flange joints I think we 
have safety for alternating-current systems. Another objection to the 
use of oil in places a long way from the surface is that the oil is likely 
to get dirty through frequent use, and replacement may be neglected. 
I object to plate or gauze protection as described by the author for 
motors on an oil switch, because it seems to me that dirt and coal dust 
will get through the narrow slits, and therefore for switchgear I think 
ап attempt at total enclosure is better. It is a matter on which I 
would like to have the author's opinion, as he has had more experience 
than І have in this respect. 

Mr. А. Н. KELsaLL: I think the oil switch is disadvantageous 
because of the rapid break. Mr. Stevenson was anxious for more 
satisfactory cleaning, and I think that is a very important point, and if 
more attention were paid to the question of cleaning in the design of 
the machine it would Бе of very grcat benefit. With regard to the 
Баште, Mr. Mavor has drawn attention to onc way of protecting against 
mechanical injury, and, of course, it is an easy matter to back fine 
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gauze up with a coarse mesh of gauze which offers good mechanical 
resistance, and several layers of fine gauze could be adopted as well. 

Мг. Mavon : Mr. Simon referred to а gauze protection, and he 
spoke as if the removal of a very small portion of gauze would nullify 
the protection. It seems to me that these plates described in this 
plate method on account of their lightness might be subject to damage 
at one point, which by separating the plates would similarly nullify the 
protection offered by this method. 

Mr. |. A. ROBERTSON : I think that the general users of electricity 
are very much indebted to those manufacturers who have designed 
special apparatus to withstand the trying conditions of colliery 
working. We have now a type of enclosed switchgear which 
is very much better than anything hitherto designed for ship- 
yards and similar conditions, and which would not have been so 
perfect had the designers not been called on to meet these specially 
severe conditions. Mr. Mavor thinks that the Home Office should 
carry out experiments in this country similar to those referred to in 
the paper, to assist manufacturers in designing suitable motors, but I 
gather that these experiments were carried out by a syndicate of 
German manufacturers and not by the German Government. Would 
it not be worth while for the manufacturers in this country to co- 
operate in a similar manner aud carry these experiments a stage 
further? Тһе tremendous responsibilities incurred in using electrical 
apparatus in coal-mines would justify almost any expenditure, and if 
the Government cannot be persuaded to do it the manufacturers might 
find that the results would justify the expense. It is interesting to find 
that the system of protection explained by Mr. Simon is really the 
principle of the old Davy safety lamp. 

Mr. CLOTHIER: With reference to the manufacturers taking up 
these experiments I would like to ask whether the manufacturers in 
Germany were supported by a Government grant in the expenses 
which they had to undergo. 

Mr. |. D. MACKENZIE: There is just one question as to the matter 
of coal dust choking up the openings between the plates. They are 
very small openings, and we all know the tenacity with which coal 
dust sticks to everything, and hence the probability of closing up all 
such openings as the author has described. 

Mr. SrkEVENSON: If I might ask another question, it would be 
regarding those curves. In a certain percentage within certain limits 
the pressure rises to a very much higher extent. Could the author 
give us the reason for that? Не stated the facts, and he might give 
the reasons why that should be so. 

Mr. Simon (in reply): Mr. Mavor said that I appeared over sanguine 
in what I said in the second paragraph of my paper, but at the 
time I wrote these notes the unfortunate accident at Stanley Colliery 
had not occurred, and the paper was in print when the report of that 
accident came to my notice. Г think that, taking the general results of 
the investigation, it seemed proved that the explosion was due to саге- 
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lessness in the design or the use of the apparatus. The report I heard 
was that the explosion resulted from the switch being used in a defec- 
tive condition. Unfortunately, the switch was so made that the blades 
did not leave the contacts before the cover was opened. 

Mr. CLOTHIER: I hardly think that is correct. The switch was 
quite in good order, and the only thing that was wrong with it was 
Ше jointing. 

Mr. Simon: Mr. Mavor said that he had already adopted the idea of 
enclosing switchgear in separate small cases which were hermetically 
sealed from one another, his idea being that by having a small quantity 
of gas the result of the explosion would be less. l think the experi- 
ments prove that that is not the case ; on the other hand, it is casier 
to make a small vessel sufficiently strong to resist internal pressure 
than a large one, so that Mr. Mavor was certainly working on correct 
lines. With regard to the area of opening іп а motor like the one 
shown, as I pointed out, this arca сап be made greater or less to suit 
the designer's own ideas. Іп this particular case the idea was to 
provide a motor of as nearly standard design as possible with this 
plate protection, and also to use a rotor with a standard shaft. These 
end shields correspond to the normal end shields, and the plate pro- 
tection is made up in packets, which can be quite easily fitted inside. 

Mr. STEVENSON: How do you get at the motor for cleaning 
purposes ? 

Mr. Simon: You have to blow it out through the plate or take off 
the end shields. The motors which have been tested have proved 
satisfactory, but, at the same time, I don't say that I would guarantee 
that such a motor would not cause an explosion. In designing any 
apparatus of this kind one does the best one possibly can without 
necessarily giving a guarantce. I have no doubt that Mr. Mavor's 
motor with the gauze would also prove effective, although I question 
whether Mr. Mavor would guarantee it under all circumstances. So 
far as coal-cutting machines are concerned, they have usually com- 
paratively small motors, and the best protection is to make them strong 
enough to stand high pressures in case of an explosion occurring 
inside. 

Mr. Mavon: I am not sure whether you have discovered 
the existence of any relation between the gauze and the volume 
of gas. 

Mr. SIMON: There was a relation established in the case of gauze 
covering between the area of gauze and the total volume of the 
enclosed gases. During the trials it was found thàt an explosion in 
a motor or other vessel might take place, and the flame might find 
egress without igniting the surrounding gas, owing to the cooling effect 
and expanding of the products of combustion in their egress out of the 
chamber. Mr. Stevenson asked whether it would be possible to have 
а self-ventilating motor іп a mine. I should think that idea a very 
good one if it did not involve too much expense in carrying fresh-air 
pipes to and from the motor. Such motors have been used extensively 
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in textile work, where very often they are arranged to draw fresh air 
from the duct and discharge the heated air to a return air duct in order 
to prevent оусг-ћеа пр of the workrooms, and I do not see why a 
similar arrangement could not be made in a mine, provided the 
expense were not too great. Care would need be taken that the joint- 
ing of the pipes was sufficiently tight to prevent any gases being 
sucked into and carried through the motor. Мг. Stevenson also men- 
tioned the question of cables. I thought it would be going too far 
to include cables as well as other apparatus in these notes, and besides 
that, both the method of laying cables and the class of cables to be 
used are laid down pretty decidedly in the rules for electricity in 
mines. I think from these rules it is necessary, when using high and 
medium pressurc, to have the whole of the cables enclosed in a con- 
tinuous covering of metal which is earthed, and where such is used 
I think it is advisable in every case to provide the motor and the 
switch-cases with metal end boxes which are actually screwed or 
attached to the motor or switchgear, so that all the electrical conduct- 
ing parts are enclosed in a thoroughly mechanical manner. As to the 
effect of plate protection on the rating, a motor of the open type, 
giving 30 H.P., would be reduced to about 24 H.P. by the additional 
protection as illustrated; but, of course, if the motor were built 
specially with a larger number of openings the reduction in the output 
might be less. It is practically the same as that due to the alteration 
from an open-type motor to a ventilating enclosed motor. I men- 
tioned the use of tubes in front of small apertures, and by that I mean 
tubes so arranged in front of the openings that the products of internal 
combustion must pass through these tubes into the air. These were 
tried, it being thought that they would offer sufficient surface to the 
hot gases in their passage through them to lose their dangerous tem- 
perature, but it was not found effective. I think there is a great deal 
to be said for the squirrel-cage motors in the fiery parts of mines, but 
there are a great many classes of work in collieries where the squirrel- 
cage motor is unsuitable. For example, I cannot sec where in the 
case of a main haulage gear, or a staple winder, or a hoist of large size, 
the squirrel-cage motor could be used with advantage, especially if 
a certain amount of speed regulation were required. With regard to 
the oil-break switches, Mr. Clothier and Mr. Kelsall mentioned that 
they did not consider immersion in oil sufficient protection. I tried 
to emphasise that in my paper too, because I have had experience of 
cases іп which explosions have occurred inside oil vessels іп conse- 
quence of the decomposition of the oil, and therefore it is best, even 
where oil immersion is used to extinguish the spark, to have the switch- 
gear further enclosed either in a solid enclosure or in one with gauze 
or plate protection. Тһе solid enclosure must be made very strong 
indeed, in order to resist any internal explosion which might occur 
through the flame rising above the surface of the oil, and therefore ап 
enclosure fitted with gauze or plate protection would be more likely 
than the solid protection to allow the heated gases to escape without 
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shattering the enclosure. Тһе continuous-current switch with oil Mr. Simon. 
immersion is not so effective as the alternating current, апа should 
be avoided as far as possible. I think, therefore, that as far as under- 
ground working is concerned, especially where there is a liability to 
sparking and a danger of explosion, perhaps on this account ах well as 
on the question of commutators, the 3-phase current is preferable to 
the continuous current. Mr. Stevenson, as I understand the ques- 
tion, asked the reason why the explosion should take place so much 
more rapidly when the air is mixed with 8 or 9 per cent. of methane 
than at any other percentage. "That amount of methane represents the 
quantity which combines entirely with the oxygen in the air, while in 
the сазе of a smaller or larger quantity of methane there is a surplus of 
oxvgen or methane that may account for the more rapid combustion 
and consequently the higher pressure, and it would also account for 
the somewhat higher temperature owing to the larger quantity of heat 
that would be developed; there would also be less gas to heat 
up to the final temperature which would lead to more violent 
explosion. Тһе only other question was as to the choking of the 
plate with coal dust. Wherever there is coal dust this danger is met 
with, and that is why I laid such special stress on the advantages of 
periodical cleaning, and, if possible, placing the motors as far as 
possible from places where coal dust abounds. I do not actually 
advocate tesselated pavements, but I have seen mines with a doormat 
at the entrance to the pumping chamber, which visitors were solicited 
to use before entering, in order to keep the chamber with the clectrical 
machinery contained in it scrupulously clean and in perfect condition. 
In reply to Mr. Clothier, so far as I am aware the whole of the cost of 
the experiments was borne by the manufacturers and the representa- 
tives of the mining interests. Тһе German Government did not support 
the experiments by a grant. 
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INVESTIGATIONS ON THE ELECTRICAL STATE 
OF THE UPPER ATMOSPHERE. 


Ву W. MAKOWER, M.Sc., MARGARET WHITE, and 
E. MARSDEN. 


(Paper read at Manchester on April 20, 1909.) 


The investigation made during July and August, 1008, is chicfly 
concerned with the measurement of the electric currents flowing from 
a kite down the wire by which it is attached to the winding machine. 
In the first experiments different lengths of wire were let out with the 
kite, detached from the winding machine, and the free end of the wire 
attached to ап ebonite insulator һхса to the ground. The kite was 
then connected to earth through a sensitive dead-beat galvanometer 
and the current measured. In these experiments the currents at con- 
siderable heights were so large that it was found necessary to reduce 
the sensitiveness of the galvanometer by shunting. The plan was 
therefore adopted in later experiments of using a portion of the kite 
wire when attached to the drum of the winding machine, which was 
earthed, as a shunt, and thus making use of the usual daily flights taking 
place at the Glossop observatory. ‘The mean currents obtained are’ 
given in the accompanying table :— 


Height of Kite above Current їп 
Ground. Anpcres. 
2,000 (се{ 5 X 1075 
4,000 ,, 13 X 1075 
6,000 ,, 23 X 10-5 


The current at any fixed height varied considerably from day to 
day. There scemed, however, to be a fairly close connection between 
the current and wind velocity, the currents being great when the wind 
was high. А few experiments have been made on the potential of the 
air at ditferent heights, but no very reliable results have yet been 
obtained on account of the difficulty of satisfactorily insulating for the 
high potentials to be measured. 
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ORIGINAL COMMUNICATION. 


DIMENSIONS OF SINGLE-PHASE CORE AND 
SHELL  TRANSFORMERS, WITH  COPPER 
AND IRON CIRCUITS OF UNIFORM RECT- 
ANGULAR CROSS-SECTION. 


By А. К. Low, Associate Member. 


(Received Ушу 22, 1908. Revised Ушу 7, 1909.) 


SECTION 1. 


Symbols used 
Po = > (input and output). 


f; = Iron loss as percentage of Р.. 

f. = Copper loss as percentage of Pù. 
f; = Iron space factor. 

f. = Copper space factor. 


миље ,( B 
а; = Flux density in lines X 1074 per ст. RUP (average 
value), 
с = Current density in ampere lines per mm.? (average 
valuc). 
w; = Watts per kg. iron loss (average valuc). 
w, — Watts per kg. copper loss (average value). 
N — Frequency in cycles per second. 
1, = Price of iron in £ per kg. 
1. = Price of copper in £ per kg. 
x = Window width is | 
. For a core transformer, the 
y — Core width ... si 


z = Window height | n qus being in deci- 
и = Depth of laminations ds 
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If we make the substitution (J i» nid паа т, „) throughout, the 


results obtained apply where— 


x = Core width . 

J= Window width -" For a shell transformer. 
z — Depth of laminations | 

и == Window height 


Further— 
N 
ћ — 11 Је fe di. а 5 


£,222.7, 7.0, 
&c 7 2.8, Q. fo. We 
ki = 2.7, 7. fely 
k= 2.8, 9. foh 
т Р, 
quie сш, 
2: 
^ IO. д. је 


[3 = с 


The transformation is employed— 


х=ах 2=ай 
yzbY u =b U. 


SECTION 2. 


The following expressions may be written down :— 


Effective iron cross-section ... —f,.y.udmJ 


Mean iron circuit СУ e. == 2(Х + 2 + т' у) dm. 

Volume of iron jsi = 2. Л. у. и (x +z + т y)dms. 

Weight of iron... $e —2.7,7.fi.y. я (х+г+т'у) kgms. 
Total iron loss ... m = (2.7,7 fe-w). y.u. (x +2 + m y) wts. 


= у.и.(х +2 + m y) watts. 
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Effective copper cross-section = f,.x . 2 dm.*. 


Mean copper circuit ... е? (» Tul =) dm. 


Volume of copper  ... Ее 2270Ж I (» +и+ =.) dm.3. 


Weight of copper... eS 2.5 0 fcx. €. " Tuc z^) kgms. 
Total copper loss је 4.5-(2:0,0.2.%629х:2: (> Tuc ЕМЕ 


= ха (ужи + х.) \уа{15. 


Тһе iron and copper losses аге thus expressed in terms of the 
wcight in kilograms multiplied by the watts per kilogram. 
The losses may also be expressed as percentages of Ре. 


Р: 
IOO 
= IO bi P. 


. 1000 P, watts, 


Iron loss == 


Equating this to the former expression— 
то р; P,—g.y.u.(xt-ztmy)..... . (1) 
and in exactly the same way— 


10 fe Рь„=&.х.&.(у+ и+ I) ae cat “ee ЛЕ) 


The total flux carried by the core 15— 
А.у. th dy. 106. 

The total current carricd by the coils is— 
ј.х.2.4;.10%, 


Since the total power—that is, the sum of the input and output—is 
the total current multiplied by the total flux with which it is inter- 
linked, an expression for P, may be written down— 


АНИТА ТИТУ eX. Y.Z. u. 10. 104. 1078. 1073, 


m fe fede deci у.е. и kilovolt-amperes . . . (3) 


SECTION 3. 


Using the values of a, b, and c* (1) becomes— 


а.у. и. (хату) =х.у.г.н . . . . . (4) 
(2) becomes— 


b.x.z (ужи 25) =х.у.2.и ооо о (5) 
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(3) becomes— 
c* 
ат 


$ dog o adu 40) 


After some reduction (4), (5) may be written in the form— 


_ а ту) 
= ы р, 9.5: uode die (2) 


__ О(х+т"у) 
и == m (у — b) 8 ин ин и еж (8) 


Multiplying (7) Бу (8) and using (6)— 


_ 94 а(х +m’ y)(x +m" y) 
T mi xy | m'(x—a)(y—t) ^ 
That is— 


4 
x у(х + m у)(х + m" y) == — (х— a)(y — 0) sucks ХО) 


SECTION 4. 
The system of equations— 


Lam y) 
DB" з вэй: еб ыж E Ae но. 
„Чен y) 
и — зп" (у a b) • в . • • • . . • • в ° . (8) 


`4 
x у(х+ ту) (х + т" у) = a (r—a)(y—b) . . . (9) 


gives the fundamental relations between the dimensions of а transformer 
when all the other elements of design аге kept constant. 

This assumption may be justified by supposing that a fairly close 
design has been already obtained by slide-rule work, and that for the 
range between this design and the best dimensions the variation іп 
densities and space factors is negligibly small. 

It is seen froin the system that there are three relations between 
four variables, and that there is therefore a onefold infinity of values of 
хуги, satisfying the system. 

In fact, any values of x and y satisfying (9) when substituted in (7) 
and (8) give values of г and и, and the values of x yz and и so obtained 
give the dimensions of a transformer satisfying the data of design. 


SECTION 5. 
The general form of the curve is shown in Fig. 1.* 
Now it is clear that x уг and и must Бе real and positive, hence from 
equations (5), (О) we must have— 


r>a 
y >b. 


* NOTE.—Cf. with some interesting quartics with and without oval branches 
discussed in Frost's “ Curve-Tracing." 


AND SHELL TRANSFORMERS. 22] 


It is seen from Fig. 1 that the oval branch lying beyond the 
straight lines x = а, у == b is the only branch leading to positive values 
of x y z and и. 

It is therefore necessary only to consider the variation of the oval 


branch. 
SECTION 6. 


Let the ratio of р; to fe be kept constant. 
It follows that f; oc fe oc 2 ос 3 


Y 


EN 


Fic. I. 


It is found that as /, increases the oval swells until it coincides with 
the straight lines x = o, у = o and the straight line at infinity, and as ў; 
decreases the oval shrinks until for definite values of f; fe and the 
corresponding values of a and b it becomes a point. 

No oval cuts any other oval, hence from geometrical considerations 
the point is a conjugate point. 

This point gives unique values of x and y, from which unique values 
of z and и are derived by equations (7) and (8) taking the corresponding 
values of а and 6, 
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For smaller values of #,, р, the oval branch disappears. 

The values of x y at the conjugate point and the derived values of 
ги constitute a unique solution of the transformer dimensions for the 
given ratio р; : р; and for minimum values of f; and p.. 


SECTION 7. 


Let now the ratio р; to р: vary continuously, the conjugate point also 
moves continuously, tracing out a locus of conjugate points. 
Finally it rises to be determined what point on this locus corresponds 


Sm 


= 


~~ 


Ес. 2. 
to the transformer of least cost and of least losses, independently of the 
ratio of р, to pe 
SECTION 8, 


The analysis is much simplified by the transformation to X Y Z U. 
(7) becomes— 


X -M'Y 
Z = x-3 е . . • • • . • (то) 
(8) becomes— 
_Х+М"Ү 
О = уп o e e o b o a o (11) 


(9) becomes— 


ХУ(Х +MY) (Х + М' у) = 12 (Х — 1 (У — 1). . (2) 
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The quartic (12) may be conveniently plotted as the intersection of 
the two families of hyperbolas— 


(X + M'Y)(X + M'Y)zL^sin?i 
and— 
X Y sin? i = (X — 1) (Y — 1), 
which reduces to— 
(X — sec? i) (Y — sec? i) = sec? i tan? i, 


where ғ is a variable parameter (see Fig. 2). 


Y 


FIG. 3. 


Different values of a give different values of L? (4 = const.) corre- 


sponding to different ovals (see Fig. 3). 


SECTION 0. 


To find the locus of conjugate points we may rewrite (12), dividing 
by X Y— 


УЕЖ+МУ МУ (1-х) (1-2) =о.. (з) 
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and the conditions for a singular point— 


а (X M'Y) +(Х + M"Y)-L Lgl- 4) => ж.ж Mp 
dV uy 7: , 2 1 <= 
5 =M(X+M"Y)+ МУ (Х +ФМ' У) — 1, y 1— 5) = · (15) 


Add (14) multiplied by X to (15) multiplied by У— 


2(X + M'Y)(X + МУ) — 12 1% (п— +l- € 


Using (13) this reduces to— 


(73 679-679-1673 = 
After further reduction— 
( —3) (v —3) = бее Fig. 4) аж & 416) 


Since the equation is free of L?, М’, and M" it is the locus of 
singular points. 

Hence, noting that the lower branch passes through the point R 
(1, 1) at an angle of 45° with the negative directions of the axes, it is 
seen that only the upper branch satisfies the conditions of Section 5— 


r>a уь. 
That 15— 
XI Y » 1. 


It is clear from physical and geometrical considerations that the 
singular points on the upper branch are conjugate points. 

Dr. L. N. G. Filon has furnished an analytical proof, which is not 
printed here. 


SECTION IO. 


If to (14) multiplied by M' + M" we add (15) multiplied by —2 


Г ra , Em >. Т; — T2- I ү. , "NC. 
(M M") CM Y-X- M" Y) SL f (i y) м+м“) 


-&-9 


after some reduction— 


(x-iy-M +M е: + М 


2 2 2 


d 


+ (M'— му Р sw (17) 


The intersection of (17) and (16) gives the valuesof X Y correspond- 
ing to the given values of M' M", 
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ЗЕСТТОХ 11. 
Graphical solution of the particular case where M' == М”. 
- Equation (17) now becomes— 


(x —3) —M(y-3) =ia-™ 2220. (19 


Curves (16) and (18) are shown in Fig. 4 intersecting in four points 
P, Q, R, S, of which only P lies on the upper branch of (16). 


wee а - 


FIG. 4. 


To find P without drawing (18), draw the asymptotes— 


I v I 
ү -] = \ = 1) 
(х 2) ENM C 2 
and lay a straight edge across the figure so as to mike РМ = KN, К 


being the point (т, о). 
SECTION I2 


Taking X as the independent variable, Y and M may be calculated 
and tabulated. 

Rearranging the columns, we get хашез of X and Y tabulated 
against M. 

VoL. 48. 15 
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M X. Y | 
I2'50 400 1'000 
12'08 | 3'95 1°600 
11°66 ! 790 1°бо5 
11'2 3°95 1'005 
10°85 | 380 Il'610 
10°40 275 I'Ó10 
10°07 270 1'615 
9770 3°65 1015 
934 3°60 1'020 
S98 | 3°55 1620 
SÓI 3°50 1°625 
8:26 | 245 1'630 
7:92 340 1030 | 
758 3:35 1055 
7:25 3°30 1'040 
093 3'25 1045 
‘OI 320 гор 
6°20 315 1'650 
6:00 | 3'10 1'055 
5'70 305 I'660 
5'41 7700 1:665 
513 2795 1675 
+55 | 2 90 Жо) 
455 | 2:85 I 635 
4°32 2:580 1'690 
4'06 2%3 1'700 
31 2770 1'710 
3°57 : 2°05 1715 
2723 2`бо 1725 
3°10 2°55 1°740 
2°87 2°50 1750 
| 205 2°45 17705 
2°44 2°49 I о 
2724 2°35 I'793 
2'04 2'30 I'NIO 
1°85 2°25 1°830 
1:67 2°20 555 
I'49 215 г'555 
| 1'32 2'10 1015 
| 1°16 2°05 1955 
| гоо 2°00 27000 
| 1 
| | b X 
| М 


L? might also be tabulated, but it is calculable directly from X, Y, 
and M by means of equations (13); (14), (15), eich of which should give 
the same value of L? if the graphical work or tabulation is accurate. 
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SECTION I3. 
From (13) and (14) by division — 


(X MY) (X + M^ i -х(1- 2 


ХМ У+Х+ М" Х/ 
'. From (10)— 
Z2 ХЪМҮ _Х [N+M + М) У] 
"о Ха X4 M'Y 
_ (M= MY 
ДУ ЕР 
= (т — т E] 
exas(tt us ка ж 25 UE; c E x^ CIO) 
From (13) and (15) bv division— 
(X+M Y)(X+M" Y) =ү:( -) 
МХМ) МХМ" VEO ys 


.". From (9)— 
X+M°Y _Y[M(X + M’Y)+ М(Х + M'Y)] 


(Т <= Mesure се 


М” (Y —1) М (X4 M'Y) 


у (М-М ЭХ 
Т = | deus ub. 
ы zx p 2М (Х+-М Y) 


um у [1 I+ Shed ite] кё: He tee they се: vec» 222-120) 


2m" (x + ту 


SECTION 14. 


When М' = М” (19) becomes— 


LEIN 

Sa pu НЕ > 
(20) becomes— 

Ва 

и == 2 } (22) 


Hence we have а complete solution in the particular case where 
М' == М” of the dimensions corresponding to any given ratio of the 


losses. 
Since M' — M' is usually small, the solution obtained by putting 


М’ b; M” 


M = for both М” and M” throughout will give an approximate 


solution d the general case, equations (17), (19), (20) enabling us to 
examine the degree of approximation. 


SECTION I5. 
A complete algebraic solution is also found, in the particular case, 
for the problems of Section 7. 


H 
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Taking the problem of finding the most efficient transformer, and 
putting т’ == m” = т, we may write down the total losses— 
t 
Qzsg.y.u.(x4-z- ту) + g..v.c. (y+ и + =) ; (23) 
From (6)— 
4 В’ =х.у.г.и — 4 Е = 0, 
using (21), (22). 
| x 
Q = гу (зу + ту) +ga lyt 7) (24) 
| 
К° = vry — Е: = о. 
К = лу—Е-=0о А . (25) 
The condition that Q is a minimum subject to В = o is— 
coge жалақ 
ах ду ауа — 
or— 
x (6 бу + 12 6 vv + 62 T) — y (бату + 12 d; x y + 65.4") =O. 
б( + ту) (gs, — 6») =, 


After some reduction— 


ў т 


rejecting the solution x + ту =o— 
EU тё; 
БЕС 
О = 245, у: (3x +my)+(3my+x)}, 


whence by (24)— 
and the ratio of iron and copper losses is— 
3vd- mv 
3ту-Ех 


a quantity whose upper and lower limits are з and 1. 
44 mg; 
=, 
“. 


Ву (25) and (26)— 
Ез 
rejecting all negative roots— 
Т n T 
ү = 57 x Е 
Le 
v= / $ Е 
| Vom Li 
ЗЯ EUR 
a emu 


(26) 


7! 
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SECTION 16. 


If А, ke be substituted for g; 2, in (27), we get the dimensions of the 
cheapest transformer as far as cost of active materials goes. 
It is seen at once that the two solutions are the same only if 


k | | 
fc Re and not otherwise. 
ke g 


This solution is evidently an approximate solution of the general 
case when M' — M” is small. 


SECTION I7. 


It has hitherto been supposed that both copper and iron densities 
are rated up as high as possible, leaving a reasonable margin of safety. 

Under these circumstances the assumption is justified that the flux 
and current densities are constant for a pretty wide range of dimensions. 

In British practice another case arises where a large amount of 
material is put into a transformer at low densities to keep down the 
no-load losses without sacrificing regulation. 

If we replace d; and d, by two variables и and », we mav хагу и and 
у subject to the condition y x v = constant, without altering the output. 

Again, И— 

w; = a p” (n = 1'5 to 2), 


B». 


we may increase the efficiency by increasing all the linear dimen- 
sions in the same proportion. 

It has already been established that for any values of p and и we 
can find unique values of the dimensions which give minimum losses in 
any arbitrary ratio. 

Combining these two methods, it is clear that by varving the 
densities and dimensions we can obtain any values for thc iron and 
copper losses for any ratio of р and >. 

Тһе new problem is, what ratio of p and у gives the cheapest 
transformer while meeting the specified losses. 

The solution leads to abnormally low flux densities. 

The analysis is beyond the scope of the present paper. 


ш; 


ЗЕСТІОХ 18. 


Example. 
(3o Kilovolt-amperes Transformer, 2000/200 Volts.) 
Р, == 505. 
НЕТ. u mm. 
d. = 1. wS 
| = 0. 
/: = о. 
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Fim———.. 595 m4 1 
4XIIXOQXOA4XIXI 
Е = 1337. 
82 X 77 X 009 X 22-305. 
: = 2 X 8'9 X o'4 X 2'2 == 157. 
т' = 1'57. m же 1727; n == 1742. 


Approximate solution— 


1'42 X 305 
i = ve 59 X 1'337 = 1°72. 


157 
2, = 3. 
== 257 | x 1'337 = 1'035. 
у Ge a dx 9s 337 35 
џи, = 2707. 


The losses calculated on the supposition that = m” аге Бу (26)— 
2g; у, (3, + my) and 2р,у:(3ту, + ху). 
Iron loss 252 х 205 X 1'035? X 603 = 430 watts. 
Copper loss = 2 X 305 X 1'035? X 6°12 == 400 watts. 


The actual losses for the above values of x y z иаге— 


[гоп loss = 26у (31, + T ) = 440 watts. 
Copper 1055 = 26,112 (3. uc. ar d = 415 watts. 


| : i х + пу у d 
The ratio of actual losses is 37 ^ ә Which here == 095. and, 


" 
ту + ах 
SHY rot 
in general, is not necessarily unity. 


W'e may test the degree of approximation by means of (19) and (20). 
A second approximation is— 


22222 оз X 1'04 
= (14 2 (3703) 

= 2 x [1 + 0'052]. 

ERE 0'3 X 172 
= DINE - a 
=2y [i + 0'061 |. 


Hence the dimensions are within 5 or 6 per cent. of the theoretically 
best design, and as we are in the neighbourhood of a turning value the 
total losses will not be out Бу more than a small quantity of the order 
of (0'05)2 or (0°06)?—that is, + or $ per cent. 
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SECTION 10. 
Example of Graphical Method and Use of the Table. 


P, = 4055. 
N = 50. 
fy: к= 22 
f, = 09. 
J= 0'35 
d; = 1. = =; ` &; == 27.6. 
d, = I. w, == 2'22. (== 138. 
"P X ah RENE: >? = 15. 
m IIXOY X035 XIXI 50 
2Х77Хх2 o8 
E ~ 35 X AT x 
-.2Х59х222 04 
^ IIO X 0'9 X <= pe 
а 08 Po 
d та 
m' == 1757. т” = 1°27. m = 1`42. 
M = т — = 0284 


Approximale Solution. 
Drawing the line pair— 


I T I 
(х2) == J3(v - 2) 
and hving off РМ = K N as in Fig. 4, we get— 


Х= гу, В == 2'7. 
Ог, using the table and reading from the bottom, by proportional 
parts— 
= 352 Y = 2'05, Х= II, 
Substituting these values of X Y and M in (13), (14), ог (15) we get— 


а «4 
L? = 23'5 =. -. 


о 


Whence in succession-- 


woe 
at = > > == 3°2 
235 3 

а = 134. 

ђ = ! = 0268 

t= = об per cent. 
(as = 15 per cent. 
р 5 3 P 


Iron loss == 242 watts. 
Copper loss = 610 watts. 
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Again— 
х=аХ == 134 X 172228. 
y = b Y = 0'208 Х 2'7 = 0'725. 
£224 == 4:50. 
и==2у = 145. 


Substituting these values in the right-hand side of (1) апа (2) — 


Iron loss =2Х 270 х 07252 x 7'98 = 230. 
Copper loss = 2 х 13:8 х 228: X 3:97 == 570. 


There is a discrepancy of 5 or 6 рег cent. between the two 
evaluations of the losses. 


The ratio required, however, is accurately enough attained. 


SECTION 20. 


I am specially indebted to Dr. L. N. G. Filon, to whom I owe the 
method of Sections 9 and то, and the elegant graphical solution of 
paragraph 11; and ту thanks are due to Professor Карр, without 
whose encouragement the work would at one time have been laid 
aside. 
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OF THE 


dustitution of Electrical Engineers. 


Founded 1871. Incorporated 1883. 


VOL. 43. 1909. No. 197. 


Proceedings of the Four Hundred and Ninety-first 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
March 25, 1909— Мг. W. М. Мокркү, President, 
in the chair. 


The minutes of the Ordinary General Meeting, held on March 11, 
1909, were taken as read, and confirmed. 


Messrs. H. L. Dixon and F. L. Moysey were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 


As Member. 
David Alfred Starr. 


As Associale Members. 


George Dania. Nathaniel David B. Phillips. 
Gerald Maxfield Maddock. Archibald Hugh Smyth. 
George Edmund Marley. Frank Harold Wardle. 


Arthur Cecil Wright. 
VoL. 43. 16 
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As Students. 


Gcorge John Baldock. William Horace Grint. 
Henry Percy Clinch. Bruce Hamer Leeson. 
Peter James Cottle. Arthur Haydock Ogden. 
Richard Dawson Fairclough. Harold P. Pentelow. 


Edward Arthur Richards. 


Donations to the Library were announced as having been received 
since the last meeting from L. A. Bauer, E. Kolben, D. Korda, the 
Liverpool Corporation Tramways, A. Righi, L. H. Walter; to the 
Building Fund from A. Hay; and to the Benevolent Fund from 
С. Allom, Major P. Cardew, M. S. Chambers, К. A. Chattock, W. С. 
Clinton, P. К. Cobb, V. К. Cornish, B. Davies, ]. L. Devonshire, 
H. C. Donovan, B. M. Drake, C. V. Drysdale, K. Edgcumbe, E. 
Fawssett, E. Garcke, Dr. К. T. Glazebrook, F.R.S., Е. E. Gripper, 
Н. С. Harris, Colonel Н. S. Hassard, C. C. Hawkins, J. S. Highfield, 
H. A. Irvine, E. S. Jacob, Dr. G. Kapp, A. E. Levin, E. Manville, A. E. 
Mead, L. B. Miller, W. M. Mordey, Major W. A. J. O'Meara, C.M.G., 
Hon. C. A. Parsons, C.B., F.R.S., W. Н. Patchell, A. H. Preece, L. 
Preece, Sir W. Н. Preece, K.C.B., F.R.S., T. Rich, В. Robertson, 
S. R. Roget, W. H. Scott, G. H. Sayers, A. Siemens, J. F. C. Snell, 
A. Stroh, A. J. Stubbs, A. P. Trotter, H. L. W. Ward, and R. P. 
Wilson, to whom the thanks of the meeting were duly accorded. 

The PRESIDENT: I hoped to have had the pleasure of calling on 
Mr. Rider to read his paper on the Electrical System of the London 
County Council Tramways. Unfortunately Mr. Rider is ill, but his 
assistant, Mr. Shepherd, will read the paper in his absence. 

А paper (see page 235) by Mr. John Н. Rider, entitled “Тһе Elec- 
trical System of the London County Council Tramways," was read and 
discussed, 

The meeting adjourned at 9.40 p.m. 
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THE ELECTRICAL SYSTEM OF THE LONDON 
COUNTY COUNCIL TRAMWAYS. 


Ву JOHN HALL RIDER, Member. 


(Paper received February 2, read in London on March 25, and at Dublin 
on April 8, 1909.) 


INTRODUCTION. 


What is now known as the London County Council Tramways 
consists of what was formerly a number of independent tramway 
undertakings within the County of London, together with certain new 
lines built by the Council itself. The former were constructed as 
horse lines, and portions of them are still so worked, while the latter 
were constructed as electric lines, the large majority being on the 
conduit system. 

The Council has, up to the present, purchased the tramways 
mentioned in Table I., page 236. 

By the London County Tramways Act, 1896, the Council was em- 
powered to work the London Street Tramways (which it had then 
purchased), and any other tramways within the County of London, 
“as and when such tramways are acquired by the Council.” In that 
year, however, the London Street Tramways and the North Metro- 
politan Tramways were leased to the North Metropolitan Company for 
fourteen years, and it was not until 1898, when the Council decided to 
purchase the London Tramways undertaking on the south side of the 
Thames, that active steps were taken to put the powers of the 1896 Act 
intooperation. Theactual transfer of these lines took place at midnight 
on December 31, 1898, and оп that date the “ London County Council 
Tramways” came into existence. 

In February, 1899, Dr. (now Sir) Alexander Kennedy was asked to 
report “ (а) as to the best system or systems of mechanical traction, 
other than steam or cable, for adoption on the tramways; (6) where, 
or under what conditions, an expcrimental line could best be intro- 
duced to initiate such system or systems, and (c) generally on the whole 
subject.” 

Dr. Kennedy’s report was dated June 5, 1899, and recommended 
the use of the centre-slot conduit system for an experimental line 
of 5 or 6 miles of route. The report was adopted by the Council, 
and Dr. Kennedy was appointed to design and carry out the work of 
electrifying, as an experiment, what are now known as the Westminster, 
Waterloo, Blackfriars, and Tooting routes. 
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The electrification of thesc specific routes (among others) was 
authorised by the London County Tramways Act, 1900, and the London 
County Tramways (Electrical Powers) Act, 1900, gave the Council 


TABLE I. 


Date of Length Cost of 


Purchase. | (Street-miles). | Acquisition. Remarks. 


Кате óf Undertaking. 


% 
London Street Tram- 
ways (part of)— > 
permanent way 1895 4i 225,572 
and buildings 


Originallvleased 
to North Metro- 
politan Tram- 
ways Company 

London Street (ге- from June,1896, 
mainder) and North until luc 1910. 
Metropolitan Тгат- | | 1800 434 580,307 Lease surren- 
мауз — des) dered March 31, 
way and buildings I906, and line- 

since worked 
by the Council. 


Northern Tramwavs 
—cars, plant, Her) 1906 би 223,601 

London Tramways ... 1809 248 882,043 

South-Eastern Metro- | 
politan Tramways;| 1902 24 50,166 

Worked by 

South London Tram- 
ways | 1902 131 232,178 Council. 

London, Deptford, 
and Greenwich 1904 6 06,327 
Tramways 

London, Camberwell, ) Abandoned and 
and Dulwich Tram- > 1904 2i 6,544 p up in 
ways ist} 

Woolwich and South- Narrow gauge 
East London Tram- -+| 1005 43 49,930 lines worked by 
Ways ps Council. 

London Southern } p . |{Worked by 
Tramways 1006 53 62,085 | Council. 

Totals “з а | 1053 2,408,843 


* Purchased from North Metropolitan Tramways Company by special arrange- 
ment, in addition to which £97,787 was paid as compensation for the surrender of 
the Company's lease. 


powers to adopt and use electric traction on “any tramway in the 
administrative County of London which has been, or shall be, acquired 
by the Council, or which shall be constructed by the Council under the 
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powers of any Act of the present session." Тһе same Act also pro- 
vided (Clause 23) that the overhead system should not be used in any 
parish or district without the consent of the “ vestry of such parish or 
the board of works for such district." 

The London County Tramways Act, 1900, gave powers to the 
Council to use the site of its Camberwell depot for a generating 
station, and the sites of four other depots for sub stations. Ina later 
Act (1906) a general power was obtained to use “апу lands now 
belonging to or hereafter acquired or appropriated by them” for 
sub-stations. 

The author does not propose to refer in detail to the reconstruction 
of the * experimental" or Tooting line under Sir A. Kennedy's super- 
vision, as this was‘fully described in a paper read by Mr. Millar before 
the Institution of Civil Engineers in 1904.* Neither does he deal, in 
this paper, with the track work, conduit construction, cars, or car-sheds 
of the system generally, except so far as they affect the electrical 
generating, transmitting, transforming, and distributing systems for 
which he is responsible. 

When the author was appointed in February, 1901, he found the plans 
for the Camberwell Generating Station well advanced, and tenders let for 
the first set of boilers. The intention at that time was to work the whole 
of the tramways south of the Thames from this station, and to build 
another station on the north of the Thames when the lines then leased 
to and worked by the North Metropolitan Tramways Company should 
revert to the Council in 1910. Low-tension direct-current generators, 
working at from 500 to 625 volts, were to be used for the lines in the 
vicinity of the Camberwell station, and high-tension 3-phase generators, 
working at 6,600 volts, with local sub-stations, for the outlying districts. 
The complete designs provided for about 20,000 k.w. 

А brief study of the situation showed that, except for its central 
situation with regard to the southern lines, the Camberwell site had 
nothing to recommend it, but had, on the contrary, most serious dis- 
advantages. The whole of the coal (some 150,000 tons per annum) would 
have to be brought by rail, and the ashes removed by the same тсапз. 
Taking the difference in freight between rail borne and water borne 
coal as 3s. per ton, the extra carriage alone would be £22,500 per 
annum over a river site. As there was no supply of water, either non- 
condensing engines would have to be used or cooling towers employed. 
Either of these alternatives would undoubtedly have proved a most 
serious nuisance to the neighbourhood. 

The author, therefore, determined to look out for a more suitable 
site, with the view of advising the Council to abandon the one at 
Camberwell, and was fortunately able to find one already in the 
possession of the Council as a horse depot at Greenwich. 

In July, тоот, the Council agreed to the use of the Greenwich site in 
lieu of Camberwell, and the author's designs were adopted shortly 


* Proceedings of the Institution of Civil Engineers, vol. 156, р. 143, 1904. 
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afterwards for the lay-out and equipment. Parliamentary powers 
were obtained in the Council's Tramways and Improvements Act, 
1902. 

As it was realised that the change of site from Camberwell to 
Greenwich would cause delay in the supply of energy, arrangements 
were made with the South London Electric Supply Corporation, Ltd., 
for the erection, on their land at Loughborough Junction, S.E., of a 
temporary building, in which the Council placed two Ferranti-Dick- 
Kerr, 1,500-k.w. direct-current steam generators. These were supplied 
with steam by the South London Company, and were operated by the 
Council's staff. The supply began with the opening of the Tooting 
lines in May, 1903, and continued until July 19, 1906, when the load was 
taken over by the Greenwich station. 

At a later date two similar 1,500-k.w. 3-phase sets were erected in 
the Deptford station of the London Electric Supply Corporation, Ltd., 
and were used for supplying the Greenwich and Peckham routes. On 
the termination of the agreement the plant was purchased by the 
Corporation, who also bought the Ferranti engines at Loughborough 
Junction. 

The electrification of other lines before the opening of the Green- 
wich station rendered it necessary to obtain other temporary supplies 
of power, and for some time energy was taken from the Bankside 
station of the City of London Electric Lighting Company, Ltd., and 
from the City Road station of the County of London Electric Light 
Company, Ltd. Pending the completion of the Holborn sub-station, a 
supply was also taken for a short time from the Charing Cross sub- 
station of the Underground Electric Railways Company. At the 
present time a supply is still taken from the Deptford station of the 
London Company. 

The author wishes to place on record his keen appreciation of the 
help given him by the engineers of the various companies from whom 
the Council has purchased energy at various times. He would par- 
ticularly thank Mr. Bailey of the City Company, Mr. Partridge of the 
London Company, and Mr. Sparks of the County Company, for many 
personal kindnesses and favours. 

Since 1900 the Council has obtained powers for the construction of 
various new tramways in extension of, and for linking up, its existing 
system. Many of these have been built, while others have been held 
up for various reasons. At March 31, 1908, the total length of the 
Council's tramways, both north and south of the Thames, was approxi- 
mately as follows :— 


Electric Traction— 


Worked by the Council ... O84 strcet-miles. 
Worked by the M.E.T.... . à ” 
Horse Traction ез ids ... 514 ) 


Total T jus 120-3 street-miles. 
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The portion worked by the Metropolitan Electric Tramways, Ltd., 
is the short length in Archway Road, Highgate, which connects with 
the tramways of the Middlesex County Council. 

The accompanying map (Fig. 1) shows the complete system 
together with the positions of the generating and sub-stations. 


GREENWICH GENERATING STATION. 


The Greenwich Generating Station is situated on the River Thames, 
and, as its position has been the cause of a great deal of discussion, it 
may be well to define it particularly. 

It is in latitude 51° 29' 2" North, and longitude o? o' o", while 
the level of the engine-room floor is 21:88 ft. above ordnance datum. 
Тһе site covers an area of approximately 33 acres, and has a frontage 
to the river of 240 ft., to Hoskins Street of 648 ft., and to Old Woolwich 
Road of 308 ft. 

The general lay-out of the station may be scen from Fig. 2. И 
consists of a boiler house 445 ft. long x 80 ft. wide, an engine-room of 
the same dimensions, and auxiliary buildings adjoining. Тһе buildings 
were designed by Mr. W. E. Riley, F.R.I.B.A., the Council's architect, 
to the requirements of the author, and the external elevation has been 
treated broadly, having in view the scale of the building and the object 
for which it is constructed. The foundation is a concrete raft 6 ft. 
thick, extending over the whole of the site, with concrete retaining 
walls. The superstructure is a steel framework enclosed externally 
with brick walls having Portland stone dressings. 

The whole of the boiler- and engine-rooms are faced inside with 
ivory-white glazed bricks, with a brown glazed dado, and the roofs 
consist of steel principals, which support a covering of coke breeze 
concrete, the exterior being slated. The floors throughout аге of 
concrete, and are covered either with granolithic or terrazzo paving. 

The four chimney shafts have cach an internal diameter of 14 ft., 
the first two being at a height of 250 ft., and the last two of 182 ft., 
in both cases measured above the firing floor. Тһе two latter 
chimneys were not carried above 182 ft, in consequence of the 
agreement with the Admiralty, in connection with the Greenwich 
Observatory. 

Coaling Arrangements.—A large pier has been constructed which 
projects into the river Thames for a distance of about 118 ft. in front 
of the river wall. Ав will be seen from Fig. 2, the pier is T-shaped in 
plan, and has a river frontage of 200 ft., with a width of go ft. б іп. It 
was built to the designs and under the supervision of Mr. M. 
FitzMaurice, C.M.G., the Council's chief engineer. 

The pier rests upon 16 cast-iron cylinders sunk in the bed of 
the river to a depth of about 26 ft. below ordnance datum, or about 
I8 ft. below the bed of the river. The cylinders were filled with 
concrete, and support a framework of steel girders on which a timber 
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platform is placed. Тһе top of the pier is 34 ft. біп. above Trinity 
high-water level, or about 70 ft. above the bottom of the cast-iron 
cylinders. The pier was constructed at this height in order that the 
coaling trucks might be run directly over the outside coal bunkers 
which join the pier on the wharf side. 

Тће outside coal bunkers are built of stecl, and have a capacity 
of about 2,000 tons. They are covered by a roof, and the lower 
portion of the bunkers is immediately over the coal and ash сопусуогв, 
mentioned later. Colliers up to 2,000 tons can be accommodated 
in front of the pier, and are unloaded by three electric jib cranes 
having Priestman’s grabs, each of a capacity of т ton. These cranes 
run on a track of 8-Н. gauge along the front of the pier, and 
discharge the coal directly into steel wagons, each of which has a 
capacity of 5 tons. 

Тһе coaling cranes have fixed jibs with a reach of 35 ft. from the 
centre of the crane, which is sufficient to reach any part of the holds 
of the steamers. Each crane has two direct-current, 550-volt series 
motors, one of 50 Н.Р. for lifting, and one of ro Н.Р. for slewing 
and travelling. Only one of the latter operations can be carried 
out at once. When the cranes have been brought to their correct 
positions for unloading, their trucks are clamped to the track rails. 

The supply of current is brought to the cranes by means of flexible 
cables from protected plug boxes on the pier. 

Tracks to the standard gauge of 4 ft. 8$ in. аге laid on the pier 
and the coaling wagons are hauled by electric locomotives, the 
current being supplied through a third rail at 550 volts pressure. Тһе 
locomotives consist of ordinary four-wheeled tramway trucks, with 
the usual motor and controller equipment, and a light steel house 
for the protection of the driver. Both locomotives and wagons are 
fitted with automatic couplers for use in shunting. 

Each of the coal-wagons is adjusted to the same tare by lead 
weights in pockets, and the weigh-bridges over which the trucks pass 
before discharging their coal into the outside bunkers are arranged 
with false zeros, so that only the net weight of coal is measured. 

Тһе weigh-bridges indicate upon large dials, about 5 ft. in diameter, 
and accurate readings to within about 3 lbs. on a load of 5 tons can be 
obtained. Each wagon is weighed as it passes over the weigh-bridge, 
and the weights so obtained are accepted by the coal merchants, and 
on them the accounts for the coal are passed. 

The capacity of the coal unloading system is about 2,000 tons per 
day of 24 hours, using only two out of three cranes. This is ample for 
the requirements of the station. 

The coal used at present is North Country washed singles, and is 
brought by steamers directly from Grangemouth on the Forth. The 
coal is bought annually by contract, and is paid for according to its 
quality. It may be interesting here to give briefly the conditions under 
which the coal is purchased. 
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The specified standards are :— 


Calorific value ... ЖР ... 12,500 B.Th.U. per Ib. 
Small (as measured by the 

quantity which will pass 

through а wire sieve of 


& in. square mesh) ... 20 per cent. by measurement. 
Moisture ... a ed ... I0 per cent. by weight. 


The calorific value and moisture are measured by the Council's 
chemist on samples taken from every тоо tons brought over the pier 
front. The calorific value is determined by a Mahler bomb calorimeter 
on a sample previously dried at 100? C., and the amount of moisture is 
determined on a weighed portion of the sample, as taken from an air- 
tight sample tin. 

The proportion of small coal is ascertained on the pier on a 
sample of about 50 Ibs. in weight, taken, at the option of the 
Council, either from the hold or from the quantity unloaded by {һе 
grabs. 

If the quality of the coal in any cargo, as ascertained by samples 
tested, be found different as regards calorific value, moisture or small, 
from the above standards, the price paid to the contractor is varied as 
follows :— 


(a) If the calorific value exceed 12,500 British thermal units per 
pound, the price per ton is increased in the same percentage 
ratio as the increase in the calorific value. 

(0) If the calorific value be less than 12,500 British thermal units 
per pound, the price per ton is decreased in the same 
percentage ratio as the decrease іп the calorific value. Тһе 
Council, however, has the right to rcject the whole cargo if 
the calorific value be less than 10,500 British thermal units 
per pound. 

(c) If the moisture be less than то per cent. by weight, the weight 
of coal to be paid for is increased beyond the quantity 
actually weighed out by a percentage equal to the percentage 
decrease of moisture. 

(d) If the moisture exceed ro per cent. by weight, the weight of 
coal to be paid for is decreased below the quantity actually 
weighed out by a percentage equal to the percentage 
increase of moisture. Тһе Council, however, has the right 
to reject the whole cargo if the moisture exceed 13 per cent. 
by weight. 

(е) If the proportion of small coal be less than 20 per cent. by 
weight, the weight of coal to be paid for is increased beyond 
the quantity actually weighed out by a percentage equal to 
one-quarter of the percentage decrease of small coal. 
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(f If the proportion of small coal exceed 20 per cent. by weight 
the weight of coal to be paid for is decreased below the 
quantity actually weighed out by a percentage equal to one- 
quarter of the percentage increase of small coal. The 
Council, however, has the right to reject the whole cargo if 
the proportion of small coal exceed 25 per cent. by weight. 


These conditions have worked exceedingly well in practice. Тһе 
coal merchants were a little chary at first at accepting a contract with 
such conditions, but, after a little experience, they found that they were 
easily able to meet them, and the result has been that an increased 
price is paid for practically every cargo of coal because it is better than 
the standard. This is a gain to the Council in every way, as not only is 
the quality and size of the coal very uniform, but, being so, its bandling 
and burning become an easy matter. 

The object of using an outside coal bunker of so large a capacity as 
2,000 tons was to enable a steamer to be discharged in the shortest 
possible time, without depending upon the comparatively slow rate of 
travel of an ordinary conveyor. Whena steamer has to bring coal from 
either Wales or the Northern ports the time taken to discharge her is 
often as long as the voyage between the port of loading and the port of 
discharge. It is, therefore, of the utmost importance that the unloading 
should be quickly done in order that the best use may be made of the 
vessel. 

The outside coal bunkers have sloping bottoms, which terminate in 
mouth-pieces with hand-operated valves. The mouth-pieces discharge 
the coal through automatic fillers into the gravity bucket conveyors 
beneath. Fig.3is from a photograph of the conveyor-room immediately 
under the outside coal bunkers. 

There are two lines of coal conveyors, each of which has a capacity 
of до tons per hour. After lcaving the outside bunkers the conveyors 
risc within the boiler house to the top of the main coal bunkers, which 
аге situated over thc boilers. 

On their return journey the conveyors pass through the ash tunnel 
in the basement of the boiler house, and carry the ash from the ash 
hoppers under the boilers to a large storage hopper under the pier, 
whence it is discharged into barges which can lie alongside the river 
wall without interfering with the coaling steamers. Fig. 2 shows the 
route of the coal and ash conveyors. 

Each line of conveyors is driven by а 25- B. H.P. 3-phase motor, with 
squicrel-cage rotor, working at 475 revs. per minute, and supplied with 
3-phase currents at 220 volts between phases. These motors are started 
by an ordinary 3-pole switch without any special devices, and the 
circuit breakers controlling them may be tripped from a number of 
points in the station by means of safety pushes. 

The driving gear is fixed at the top of the first vertical rise in the 
boiler house, and, to prevent the conveyor from running backwards 
when the motor stops, owing to the excess weight of the coal in the 
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vertical limb, a pawl is arranged to engage between the links of the 
conveyor chains. This рам! would also prevent the cbain from falling 
should the chain break from any cause. 

At the south end of the boiler house, where the conveyor chains 
descend empty, an ingenious arrangement has been provided to prevent 
the chains and buckets from falling in the cvent of breakage. Two 
continuous vertical runners have been fixed the whole height of the 
building, and, should the chain break, it can only fall for a distance of a 
few inches, as it would quickly jam in the 
runners, as will be seen by Fig 4. This device 
was designed by Messrs. Spencer & Со., Ltd., 
of Melksham, who carried out the extensions 
to the conveyor system. Тһе conveyors for 
the first portion of the station were made by 
the New Conveyor Company, Ltd. 

Fillers of the same type as those used for 
the coal are employed for the ashes in the ash 
tunnel. 

The main coal bunkers are situated at the 
top of the boiler housc, immediately over the 
economisers, which are described later. The 
bunkers are built of steel and concrete, and 
are subdivided into as many separate com- 
partments as there are boilers, Each bunker 
will hold about 200 tons of coal, or roughly, 
9,600 tons for the whole of the 48 bunker 
compartments. 

Wrought-iron pipes, 3 in. diameter, are 
fixed in each bunker, right to the bottom of 
the coal, and can be reached at the top from 
the accommodation gangways. Thermometers Бі, 4 Greenwich 
сап be lowered at any time through these Generating Station— 
pipes, and the temperature of the coal at the Conveyor Salety Device. 
bottoin of the bunker ascertained. So far 
nothing above the normal temperature has been registered, but, in the 
event of the coal showing any tendency to heat after long storage, it 
would be quickly discovered. А series of water jets are arranged 
over the bunkers, which can be operated from below in case 
of fire. 

The coal falls by gravity from the bunkers through measuring boxes 
into the hoppers of the mechanical stokers. 

Boilers.—The boilers are arranged in pairs in two rows in the 
boiler house, 6 boilers on each side of each of the four chimneys, or 
48 boilers in allin 8 groups. At the present moment only 36 boilers 
are in position, but the other 12 are in course of erection. The 
working pressure is 180 lbs. per square inch. 

The first 24 boilers to be erected were of the Stirling water-tube 
type. Each of these boilers has an cvaporative capacity of about 
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16,300 lbs. of water per hour from and at 212? F., and is fitted with 
chain grate stokers. 

The boilers are of the ordinary 5-drum pattern, made by the 
Stirling Boiler Company, Ltd., of Motherwell, and have proved very 
successful in practice. Each boiler has a superheater between the 
first and second banks of the vertical tubes, which forms an integral 
part of the boiler. By its use the steam can be superheated up to 
about 550? F. 

The following arc the results of the taking-over test on two of the 
boilers, after having been in operation for some six months :— 


TABLE II. 
Duration of test.. one - ... 6 hours. 
Heating surface in баен boiler ... 3,320 sq. ft. 
Grate area бе: а - ... 56 sq. ft. 
Class of coal used sis 2% North Country. 


Calorific value of coal (deter mined by 
London County Council chemist) 11,263 B.Th.U. 


Average steam pressure re ... 180 lbs. 

Average flue temperature jan S. 6204 Е. 

Average feed temperature — ... ... 1943? Е. 

Average steam temperature ... ss 382° Е. 

Average superheat e T ... 130'55° Е. 
Average draught 45% € ... from o'5 to 077 in. 


Total coal fired ... ii ias ... 23,674 lbs. 
Total coal fired per hour ds ... 29456, 
Total coal fired per boiler per hour ... 1,9728 ,„ 


Total water evaporated (actual) ... 193,210  ,, 
‘Total water evaporated per boiler per 

hour ... is .. 16,100'8 , 
Total water лога. n kisur Der 

square foot h.s. — ... 49 и 
Total water evaporated per boiler pu: 

hour from and at 212? F. ... ... 18,773'53 » 


Total water evaporated рег hour from 
and at 212? F. per "i foot of 


heating surface... T 5'8 i 
Coal fired per hour per бас foot di 

grate .. eee ... e 2572 5 
Total amount of ash (wet) Lig ... 3,024 T 
Water evaporated per lb. of coal 

(actual) x 8:16 $i 
Water evaporated per Ib. of coal T om 

and at 212? F. - 554 .. 05 " 
Factor of evaporation ... бэ» ... I'666 


Efficiency woe bas 55% ... 79°49 per cent. 
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The remaining 24 boilers were made by Messrs. Babcock & 
Wilcox, Ltd. These are of somewhat larger capacity than the Stirling 
boilers, as they will evaporate 18,200 165. of water per hour from and 
at 210° F., and, as an overload, can evaporate 22,000 lbs. of water per 
hour from and at 212° Е, 

The Babcock boilers have cach a heating surface of 4,780 sq. ft., 
and a grate area of 88 sq. ft., which gives a ratio of heating surface to 
grate area of 573 to І. These boilers are fitted with chain grate 
stokers of the latest Babcock & Wilcox pattern, with links closer 
than those on the Stirling boilers, and of such a design that there are 
no open spaces where the links bend over the end wheels. 

The general arrangement of the boilers, flues, and chimneys has 
proved very satisfactory in avoiding smoke. ‘This result is, no doubt, 
largely helped by the excellent combustion chamber provided by the 
Stirling boiler, by the fact that the Babcock boilers are raised some 
12in. higher than is usual above the fire-bars, and also by the use of a 
large fire-brick arch immediately over the grate. There is a popular 
belief at the station that the smokelessness of the chimneys is accounted 
for by the notice, “ Smoking strictly prohibited," which is prominently 
fixed in the boiler house on the base of one of the chimneys. 

АП the boilers are arranged in pairs, with convenient overhead 
gangways all round, giving good access to the various parts. The 
brickwork is glazed on the outside, whilst Glenboig fire-brick is used 
for the whole of the combustion chambers and arches in the furnaces. 
Stourbridge fire-bricks are used elsewhere for interior lining. The use 
of glazed bricks for the external setting is very beneficial, asit prevents 
a considerable quantity of air fromeleaking through the ordinary porous 
brick. This can easily be proved by feeling with the hand the outside 
of the glazed brickwork, which is considerably hotter than when 
ordinary brickwork is used. 

A complete arrangement of CO, recorders has been fixed, each 
battery of six boilers having its own recorder with a separate pipe 
connected to the underside of the boiler up-take damper, so that any 
boiler may be connected at will. The usual working draught at top 
load is equal to about ł in. of water, measured between the underside 
of the grate and the boiler uptake, and, at half-load, about 4 in. of 
water. Тһе fire thickness varies from about 4 in. to 7 in., depending 
upon the load and the quality of the coal. То assist the stoker draught 
gauges are fitted to each furnace. 

Economisers.—' The gases from the boilers are taken by separate 
steel up-takes to the floor above, where the economisers are placed. 
Each set of two boilers has a Green's economiser of 360 tubes, the 
general arrangement being in 8 groups, as shown in Fig. 2. The 8 main 
fues lie between the economisers and the walls of the boiler house, 
and afford direct short connections to the chimneys. Each flue has 
a large cast-iron manhole door, by which ready access is obtained for 
sooting, cleaning, etc. 

The gases enter the economisers at between 480° and 5co? F., and 
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enter the chimneys at between 280? and 300? Е. This temperature is 
just sufficient to give the necessary draught, and can be readily adjusted 
by means of the economiser dampers. Тһе temperature of the feed 
water is raised by the economisers from between 95? and 100° Е., at 
which it is pumped from the feed tanks, to between 230? and 250? Е., 
at which it enters the boilers. 

The scrapers of each cconomiser are driven by an independent 
3 phase motor of 2 H.P., coupled through worm-gearing. This has 
been found much simpler and more convenient than the usual method 
of counter-shafting and belting. 

Boiler Feed Arrangements.—The boiler feed pumps are situated іп 
the basement of the boiler house under the western boilers, the two 
chimneys on that side dividing the basement into three scparate com- 
partments, the one between the chimneys being twice as long as the 
other two. Each of the smaller pump-rooms contains three pumps, 
and the larger pump-room contains six pumps all of the same type and 
make. 

Each pump has three horizontal plungers, 67 in. diameter x ro in. 
stroke, and is driven by a series-wound direct-current motor of 
35 B.H.P. Each pump will deliver from 8,000 to 9,000 gallons of 
water per hour against a pressure of 225 lbs. per square inch when 
running at its full speed of до revs. per minute. Тһе motors are 
geared to the pump shafts by worm reduction gearing having a ratio 
of 12 to r. 

Direct current at two different pressures—viz., 550 volts from the 
local sub-station and 125 volts from the auxiliary engine-room plant— 
is provided in the pump-room, and by means of a throw-over double- 
pole switch on the pump switchboards two economical running speeds 
corresponding to those voltages can be obtained. Intermediate speeds 
are obtained by resistances put into the main circuit by an ordinary 
type of drum controller. 

The pumps were made by Mr. J. Cochrane of Glasgow, and have 
proved not only very efficient but very satisfactory in working. They 
run with very little attention, and have given practically no trouble 
since the works were started. The whole of the boiler supply is given 
by them. Tests recently taken show an efficiency between the 
electrical input to the motor and the water output of бо per cent. at 
full load. 

Each pump connects to two separate suction pipes and two separate 
delivery pipes, and each group of three pumps draws from two fced- 
water tanks, each of 5,000 gallons capacity, fixed in the basement of the 
boiler house on the castern side. Тһе feed tanks are supplied from the 
condensers of the reciprocating engines and turbines, and can, in 
emergency, be supplied directly from the town's mains through 4 
storage tanks, each of 20,000 gallons capacity, situated on the roof of 
the boiler house annexe. The 8 fced-water tanks are connected by 
equalising pipes. 

Make-up water is obtained from an artesian well 8j in. bore and 
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350 ft. деер, which is situated in the condenser pump house to be 
‚ described later. The water, which stands normally at а level of 
about 5 ft. below the top of the tube, is lifted by а vertical 3-throw 
motor-driven ram pump, with plungers 34 in. diameter by 6 in. sti uke, 
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running at 75 TeVS- per minute. The well will deliver about 3,000 
gallons per hour, but the water, coming from the chalk, is very hard, 
the hardness varying between 16° and 18°; the temporary hardness 
being between 12° and 13°, and the permanent hardness between 
4 and 5°. It has, therefore, to be treated before it can be used. For 
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this purpose a Harris-Anderson water softener is used, the chemicals 
being lime-water and carbonate of soda. Тһе apparatus is entirely 
automatic in its action, and by its means the hardness is brought 
down to between 7? and 8°, 

The softened make-up water is stored in a tank of 48,000 gallons 
capacity, fixed on the roof of the condenser pump house, whence it 
flows Ьу gravity to the 8 feed-water tanks in the boiler-house basement 
through ball valves. 

No provision is made for softening town's water, should this have 
to be used entirely for boiler feed instead of water from the con- 
densers. The chances of the town's supply having to Бс used for the 
whole station are so remote that it would not have paid to have put 
down softening apparatus for it. А connection from the town's 
supply is, however, taken to the water softener as an alternative to 
the artesian well supply for make-up water. 

The water which is delivered from the condensers of the turbines is, 
of course, free from oil, and so is taken directly into the fecd-water tanks. 
The water, however, which comes from the condensers of the recipro- 
cating engines has to be treated to remove the cvlinder oil, and this is 
done by Harris-Anderson purifiers, situated in the basement adjoining 
the feed tanks. The positions of these are indicated on the general 
plan of the station shown in Fig. 2. The chemicals used are sulphate of 
alumina and carbonate of soda, and all traces of oil can be absolutely 
removed. The alkalinity of the treated water is between 0'5" and 17. 

Each group ot three pumps supplics 12 boilers through duplicate 
feed ranges, either direct or through the economisers, and the feed 
water is measured by Kennedy watermeters fixed in the pump-150ms. 

Pipework.—The whole of the suction pipes between the feed tanks 
and the feed pumps are of cast iron, and the delivery pipes between 
the pumps, the economisers, and the boilers are of steel. 

A portion of the steam-pipe system is shown in Fig. 5. The pipes 
connecting the boilers to the steam header are 8-in. bore, and are 
of lap-welded steel, with flanges welded on. Each pair of boilers is 
considered as one unit so far as the steam pipes are concerned, and 
thev аге connected, as shown in the Fig, by a 7-in. loop, from 
which ап 8-in. pipe goes across the boiler-room directly to the 12-in. 
steam header in the engrine-room. 

The steam-pipe arrangement is very simple, and the main principles 
which were kept in view in its design were :— 


I. That the line of the pipes should fall the whole way from the 
boiler stop valve to the engine separator, so that all water 
would travel in the same direction аз the steam. 

2. That the expansions and contractions due to changes of 
temperature should be controlled. bv provision of facilities 
for the movements of the pipes in certain directions and 
restrictions of the movements of others. 

3. That the pipes should be as short as possible. 
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Fic. 6.—Greenwich Generating Station—Steam Separator. 
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The illustration will show clearly the arrangement which has been 
adopted. Any water which forms in the pipes, either when the 
engines are working or not, falls by gravity, and is impelled by the 
steam to the separators in the engine-room, which are the lowest 
points of the system. "These separators are described below. 

The ro-in. branches from the steam header to the separators are 
taken from the underside of the header, and constitute the header 
water drains as well as the supply pipes to the separators. 

The 8-іп. pipes crossing the boiler house from the western range of 
boilers to the engine-room are anchored in the middle of their length 
to the boiler-house stanchions. Тһе anchoring is carried out by cast- 
iron clamps, bolted to the brackets attached to the stanchions. 
Expansion in these long lengths is provided for by the loops which 
connect to the boiler stop valves, and by the bends which dip down 
and connect to the steam header. Тһе 8-in. pipes which connect the 
eastern range of boilers to the header are not anchored at all, as they 
are comparatively short. 

The main header itself is anchored in four places, two of which are 
indicated in the figure, so as to divide the expansion of the total 
length of the header into eight scctions, where it can be readily dealt 
with by the three expansion bends provided. The expansion bends 
are fixed horizontally, so that there is no restriction to the passage of 
water along the header in either direction. 

The steam pipes are generally supported in the boiler house by 
clamps and wrought-iron suspension rods from the ceiling, and in the 
enginc-room by rollers on brackets built into the wall or carried on 
the building stanchious. The joints in the stcam-pipe range are made 
by means of “ Klingerite." 

The arrangement of the steam piping has been very successful. 
Steam can be turned on toany engine at any time with the certainty 
that all the pipes up to the engine stop valves аге free of water. No 
trouble is experienced with leaky joints due either to overstraining or 
to water hammer. 

An interesting feature in the steam-pipe system is the design of the 
separators, to which reference has previously been made. This is 
shown in Fig. 6. The separator, which is merely a steel vessel in 
which the direction of the steam flow is suddenly changed, rests upon 
a series of steel balls, which are carried upon spring-borne supports 
in а cast-iron stand, which is bolted to the floor of the engine-room. 
The separators can thus move in any direction, either sideways by 
rolling on the balls, or up or down Бу relieving or compressing the 
springs. In practice it is found that they move considerably under 
pipe contractions and expansions, and their motion shows conclusively 
the kind of strains which would have come upon the pipe joints had 
the separators been firmly fixed to the floor. 

Each separator is drained by either one or two Geipel steam traps 
directly to the feed-water tanks. The traps are supported by the 
separators and connected by curved steel pipes, having sufficient 
elasticity to allow of the free movements of the separators. 
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The boiler stop valves are worked from gangways running along 
the tops of the boilers, while the valves in the boiler branches where 
they connect to the steam header, the section valves in the steam 
header, and the valves in the branches leading to the separators are all 
worked from a valve gallery which runs the whole length of the engine- 
room on the west side. The valves, which lie below the gallery, arc 
operated by means of hand wheels, carried on cast-iron pillars, with 
extension rods from the valve spindles. The valve gallery is shown in 
Figs. 8 and 13. 

The external surface of the steam-pipe system, uncovered, is about 
8,000 sq. ft., or about 0:235 sq. ft. per kilowatt of total normal capacity 
of the station. The pipes are covered with blue asbestos and planished 
steel, 

The atmospheric exhaust pipe runs in the basement of the engine- 
room, and has three vertical risers, one at the north end of the station, 
3ft. 6 in. by 3 ft. 6 in. square section, and the other two at the south end 
of the station, 3 ft. in diameter cach. Тһе risers are capped with 
exhaust heads for the purpose of catching any condensed water 
spray. 

The whole of the atmospheric exhaust piping is of riveted steel, 
and the header in the basement, which is carried on rollers, varies 
from 27 in. to 50 in. in diameter. The highest point is in the middle 
of the engine-room, and the pipes fall each way to large exhaust drain 
boxes at the feet of the vertical risers. The boxes are drained by 
б-п. pipes. 

The exhaust branches from the engines and turbines are controlled 
by automatic atmospheric valves, which open should the condensers 
fai. These valves are water sealed. 

The condenser water piping, the arrangement of which is described 
morc fully later in dealing with the condenser pumping plant, is of cast 
iron throughout. 

Generating Plant.—The engine-room contains at present four vertical- 
horizontal reciprocating engines, coupled to alternators of 3,500-k.w. 
capacity, at a power factor of 094, and two turbo-alternators, each of 
5,000 k.w. capacity at a power factor of o'85. Two additional turbo- 
alternators of the same output are also in course of erection. "The 
total normal capacity of the station is, therefore, 34,000 k.w., but as 
each set is capable of dealing with an overload of 25 per cent. the 
station can, on emergency, be worked up to 42,500 k.w. capacity. 
Allowing one reciprocating and one turbine set as spares, the maximum 
working load may be taken at 30,000 k.w. 

The 8 generating sets correspond with the 8 groups of boilers and 
economisers, the 8 main flues, and the 8 feeder switchgear sections. 

The four reciprocating engines will probably be of interest, as they 
аге, 50 far as the author is aware, the only examples of their type on 
this side of the Atlantic. Each engine consists of two complete half- 
engines, one on each side of the generator, witha vertical high-pressure 
cylinder, 33} in. in diameter, and a horizontal low-pressure cylinder, 66 in. 
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in diameter. The stroke is 4 ft., and the two connecting rods of each 
half-engine work independently on to a common overhung crank pin. 
Тһе engines run at 94 revs. per minute, and the mean piston speed is 
750 ft. per minute. 

Fig. 7 shows a plan of one of these engines with its alternator, etc., 
and Fig. 8 an elevation, from which their principal characteristics will 
be noticed. This type of engine has many advantages in practice, 
particularly if the arrangement adopted at Greenwich of placing the 
high-pressure cylinder vertically is followed. Тһе engines of this type 
made by the Allis-Chalmers Company in the United States have the 
high-pressure cylinder horizontal and the low-pressure cylinder vertical, 
with the evident intention of relieving the low-pressure cylinder of the 
weight of the large piston. It will be seen, however, from Fig. о, that 
this arrangement introduces serious disadvantages in connection with 
the draining, as a large water pocket is bound to be formed in the 
receiver pipe, which couples the high-pressure to the low-pressure 
cylinder. 

The Greenwich engines have a perfectly natural drainage system, 
as will be seen from Fig. то, and there аге no pockets where water can 
lodge. The low-pressure cylinder connects directly to the condenser, 
aud the excellent facilities which the Corliss arrangement of valves 
affords are most effective in draining it. This feature is so marked 
that there is no necessity for any auxiliary cylinder drains of any kind 
whatever. Тһе weight of the low-pressure piston is partly taken by 
a tail rod. 

When the preliminary designs of the station were in preparation in 
1902 the relative advantages of taking high-pressure superheated steam 
through heating tubes in the receiver on its way to the high-pressure 
cylinder, and of taking a branch from the high-pressure superheated 
steam supply directly through the receiver tubes were considered, and 
it was decided that the advantages lay with the latter arrangement, 
principally because of the piping difficulty of taking steam directly into 
the high-pressure cylinder, should either the superheat or the reheater 
fail for any reason. The Greenwich engines are, therefore, arranged 
with a reheater receiver between the high-pressure and the low- 
pressure cylinders, through the tubes of which live steam is taken. 
The reheater receivers are shown in Figs. 7 and 8, and the heating 
tubes have a surface of about 1,100 sq. ft. 

Corliss valves are used on both the high- and low-pressure cylinders, 
the high-pressure admission valves being controlled directly by the 
governor. The low-pressure admission valves can be adjusted by hand. 

The engines were designed and built entirely as enclosed engines, 
and work with forced oil lubrication. Oil tanks are formed under the 
bed of each halt-engine, and duplicate oil pumps on each side, worked 
by the low-pressure eccentric rods, supply oil to the whole of the 
moving parts, including not only the main bearings, but the guides, 
cross heads, crank pins, eccentrics, etc. 

An independent steam supply is given to each high-pressure cylinder 
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Fic, 10.—Greenwich Generating Station—Natural Drainage of 
Reciprocating Engine. 
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from its own steam separator on the engine-room floor, and there is 
a stop valve for each steam admission. Тһе two stop valves are 
coupled together by a cross shaft, so that the attendant can open both 
admissions from one place. There are no stcam or water pipes crossing 
the alternator from one side to the other. 

Each low-pressure cylinder has its own condenser and air pump in 
the basement, the positions being as shown in Figs. 7 and 8. Тһе 
condensers are of the ordinary surface type, and cach contains about 
4,500 sq. ft. of cooling surface. The water supply is given from the 
common circulating system described later. 

The air pumps are of the 3-throw Edwards single-acting pattern, 
with plungers 16 in. diameter by 14 in. stroke. They run at 100 revs. 
per minute, and аге driven through rawhide spur gearing by a 3-phase 
motor of 22 B.H.P. running at 375 revs. per minute. The condensed 
water is pumped into the feed-water tanks in the basement of the boiler 
house through Lea water recorders, by means of an auxiliary 6-in. ram 
pump, worked by an overhung crank on the air-pump shaft. 

It was mentioned earlier that the condensed water from the recipro- 
cating engines is treated by Harris-Anderson purifiers before entering 
the feed-water tanks, but Baker oil separators are used in addition in 
the exhaust pipes between the low-pressure cylinders and the con- 
densers. These remove the greater proportion of the cylinder oil, 
leaving the residue only to be dealt with by the Harris-Anderson 
purifiers, and, by this means, the condenser tubes are relieved of 
a large amount of oil. 

The engine governors are of the ordinary Porter type, and are 
driven by a link chain from the main shaft. They are adjusted by 
a sliding weight on a balance arm. Тһе position of the weight can 
be moved cither by hand or by means of a small reversible 3-phase 
motor, controlled from the switchboard gallery. The whole of the 
load divisions between the various generators are adjusted entirely 
by this means. 

There is, in addition, an emergency governor on each engine, 
independently driven from the main shaft, which comes into opera- 
tion at to per cent. above the normal speed, and trips a valve in the 
main steam supply pipe. This valve can also be tripped from the 
switchboard gallery by pressing a button. 

The two cranks at the opposite ends of the main shaft are sct at 
135? apart. The result is that the four cylinders give eight equally 
spaced impulses per revolution, as will be seen from Fig. 11. Each 
half-engine is cquivalent to a 2-cylinder engine with its cranks 
at right angles. The turning moment is so good that no flywheel 
other than the revolving part of the generator is required. This has 
a flywheel effort of 16,000,000 ft? lbs. and the angular variation in 
the velocity does not exceed o'r5 per cent. up or down. 

The generators аге of the revolving ficld type, with 32 poles. 
They deliver 3-phase currents at 6,600 volts between phases, and 
25 complete cycles per second. | 
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The magnets are built of laminated steel stampings, held in dove- 
tailed slots on the rim of the wheel. They are kept in place sideways 
by heavy steel side plates and rivets, which go right through them and 


~ . 


Fic. 11.—Greenwich Generating Station—Diagram of Crank 
Arrangement. 


Fic. 12.—Greenwich Generating Station—Alternator Pole-tips. 


through the wheel. The magnets are wound with bare copper tape, 
one layer deep on edge, and the pole-tips are divided up in the manner 
shown in Fig. 12, with the object of tapering off the ficld. Damping 
coils are used, consisting of a copper ring fixed right round the outer 
edge of the pole-tips on each side, with copper rivets going through 
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the pole.tips from one ring to the other. These are indicated in 
the Fig. 

The field coils are connected to two massive gun-metal slip rings 
mounted on the shaft, and the exciting current which, at full load, 
is about 400 amperes at 125 volts, is taken through quadruple carbon 
brushes. 

The stator core has open slots, 5 per pole per phase. Тһе coils 
are former wound, and have 15 conductors per pole per phase, or 3 per 
slot. The coils are held in place by hard wood wedges, fitting into 
locking grooves at the tips of the slots. 

The stator coils are star connected, and the centre point is earthed 
in the manner more fully described in the switchgear section later. 

Each alternator has its own independent exciter, driven by ropes 
from a pulley on the main shaft. Тһе exciter is of 50-k.w. capacity, 


TABLE III. 
No. 4 Set (August 27, 1906). 


Full Load. Half Load. ! 


Duration of test... s 6 hours 3 hours | 
Average steam pressure at stop valves Vis 189 Ibs. 181 165. . 
Average steam temperature at stop valves 460° Е. 446° Е. | 
Average геуз. per minute ... 55% es 94:46 94:81 | 
Mean total indicated horse-power "i 5,315 2,6229 
Mean total kilowatts is — 255 3,494 1,780 


Total water from all sources sis ... | 353,909 165. | 89,049 №5. 
Average weight of water per hour ... | 58,984 lbs. | 29,683 Ibs. 
Water per indicated horse-power per hour | 11:098 lbs. | 11°31 Ibs. | 
Water per kilowatt per hour ... ... | 16:88 165. | 16°67 lbs. 
Vacuum "T " Б» m ... | 26°74 in. 26:8 in. | 


shunt wound, and runs at 450 revs. per minute. А rope-driven exciter 
was adopted in preference to a direct coupled exciter, because of the 
difficulty of finding room for such a large machine on the main shaft 
at a speed of 94 revs. per minute. 

Barring gear, of the ordinary sclf-rcleasing type, is used for starting 
the engines. It is driven by a direct-current series inotor, and operated 
by a controller fixed close to each of the stop valves. 

Table III. gives the results of some full- and half-load tests taken 
on one of the combined reciprocating sets before taking over. 

The engines were built by Messrs. John Musgrave & Sons, Ltd., and 
the alternators and exciters by the Electric Construction Company, 
Ltd. They are excellent examples of English work, and have stood 
the heavy loads put upon them in a most satisfactory manner. 

Practically the only trouble which has been experienced has 
been with the high-pressure piston rings. These were originally of 
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the ordinary cast-iron Ramsbottom type. They not only wore very 
rapidly, but were frequently found broken, without apparent cause. 
Several other types were tried, some of the restricted pattern, others 
solid, but the best results have been obtained with phosphor-bronze 
restricted Ramsbottom rings, the copper in the mixture being electro- 
lytically pure. These are now being fitted to the whole of the high- 
pressure cylinders. 

Turbines have been adopted for the remainder of the station, but 
not for any reason connected with the performance of the recipro- 
cating sets. Conditions of output, space, and price were the only 
determining factors, but, so far as running is concerned, the author 
has little but praise for the four reciprocating engines and 
alternators. 

The four turbo-alternators are each of 5,000-k.w. normal output, and 
6.250-k.w. output on overload. They run at 750 revs. per minute. The 
two at work were built by Messrs. Willans & Robinson, Ltd., and 
Messrs. Dick, Kerr & Co., Ltd., and are of the reaction (Parsons) tvpe, 
while the two now being erected are built by the British Westinghouse 
Company, Ltd., and are of the impulse (Rateau) type. 

The Willans turbines are of the standard pattern made bv that firm, 
with 98 rows of blades in 11 stages оп both rotor and stator. Тһе 
general arrangement of the turbo-alternator will be seen from Fig. 13, 
from which the relative positions of the stcam inlet, condenser branches, 
air pumps, etc., will be noticed. 

The generators are also of the standard construction of Messrs. 
Dick, Kerr & Со., Ltd. Тһе fields are of the revolving {уре with 
salient poles. Тһе stators have six slots and eighteen conductors per 
pole per phase. The exciter is carried on an extension of the generator 
shaft, and is of 37°5-k.w. capacity. 

Each Willans turbine has one surface condenser in the basement, 
with a vacuum augmentor addition, by means of which a 95 per cent. 
vacuum at a 30 in. barometer is guarantced with condensing water at 
65° Е. The air pump is of the ordinary Edwards 3-throw type, with 
buckets 25 in. diameter and 14 in. stroke, running at 05 revs. per minute. 
It is driven by а 3-phase slip-ring motor of 50 Н.Р. running at 375 revs. 
per minute, through double helical machine.-cut gearing. 

The author regrets that, as the full-load steam consumption tests 
have not yet been made, he is unable to give particulars in this paper. 
Тһе guaranteed figure is, however, 15 lbs. per kilowatt-hour, with steam 
at 180 lbs. pressure superheated to 550° F., and a 95 per cent. vacuum. 
No bonus is offered for better results than this, but a penalty will be 
incurred if the results are worse. 

In the author's opinion a number of the blade-stripping troubles 
which have been experienced with reaction turbines in the past have 
been largely due to striving after low steam consumptions. What 
should be really desired is perfect immunity from blade troubles under 
all possible conditions of working, as the financial result of a shut-down 
of a big set is not to be measured by the cost of the repair so much as 
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by the loss due to the disorganisation of traffic or the failure of the 
supply. А reputation for absolute continuity of supply is worth a great 
many pounds of coal per annum. | 

The Westinghouse “ Rateau" turbo-generators, while giving the 
same general output as the Willans-Dick-Kerr machines, are of the 
impulse type, and have a number of interesting features. 

At the present moment these turbines are in course of construction, 
and the author regrets that it is not possible to give details either of 
their dimensions or of their performance. 

The generating plant in the engine-room is completed by two 
Belliss- Dick-Kerr direct-current sets of 150 К.м. each, running at 375 
revs. per minute. They work at 125 volts pressure, and are used for 
the station incandescent lighting, for the low-pressure supply to the 
boiler feed pumps, the switch-operating gear, and as a standby for 
exciting. Both Belliss sets exhaust into a common condenser. 

Switchgear.—The switchgear was very fully described in a paper read 
before the Glasgow Local Section of the Institution on February 12, 1907, 
by Mr. Frank Walker, Associate Member. Ап abstract of the paper 
was printed in the € ournal of the Proceedings of the Institution, part 185, 
vol. 38, and the author therefore does not propose to deal exhaustively 
with it in this paper. 

The high-tension switchgear is of the electrically operated, remote 
control type, and is arranged on two galleries on the east side of the 
engine-room. It was made by the British Westinghouse Company at 
Trafford Park, Manchester. Тһе general diagram of the high-tension 
connections is shown in Fig. 14, from which it will be scen that provision 
is made for 8 generators and 32 feeder circuits in 8 sections. 

The arrangement of the high-tension switchgear may be briefly 
described as follows :— 

А 3-core cable comes from each generator to a trifurcating box on 
the first gallery, where it is divided into three separate conductors, and, 
after passing through isolating plugs and series instrument transformers, 
is connected to the generator oil switch on the second gallery. Follow- 
ing on from the other side of the gencrator oil switch are isolating plugs, 
the connections to the main busbars, further isolating plugs, and then 
the section oil switch. Beyond the section oil switch are other isolating 
plugs, and then come the section busbars. 

Each set of section busbars controls four feeders through isolating 
plugs and feeder oil switches on the second gallery, and instrument 
transformers and isolating plugs on the first gallery. Тһе feeder tri- 
furcating boxes below the isolating plugs connect up to the lead-covered 
feeder cables. Spark-gaps are fitted to all the feeder circuits. 

'The generators are connected to the busbars by means of links in 
the form of isolating plugs, and, in the event of any accident to the 
main busbars or to the synchronising gear, any machine can be run 
independently оп its own section of four feeders merely by withdraw- 
ing these plugs ог link switches. This arrangement will be clear from 
Fig. 14. The busbars are divided on the middle line of the station by 
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a main interconnecting switch, by which the whole of the high-tension 
switchgear сап be divided into two independent sections if necessarv. 

Fig. 15 shows in plan the arrangement of the two switchboard 
galleries. The lower раПегу contains the control desks, the instrument 
boards, the generator and feeder isolating plugs, and the instrument 
transformers. The latter are arranged on the east wall of the station. 
The upper gallery contains the oil switches with their isolating plugs, 
the main busbars, and the spark-gaps arranged in blocks of four. 

Fig. 16 gives an clevation of one section of the gear on the east wall 
of the station, and also a cross-scction through the two switch galleries, 
from which the relative positions of the control desks, the instrument 
boards, the isolating plugs, the oil switches, etc., will be readily seen. 
Lead-covered 3-core cables are used, wherever possible, for con- 
necting up between the various apparatus comprising the high-tension 
switchgear. 

The isolating plugs are carried in spring jaws mounted upon 
insulators built directly into the wall, while the instrument trans- 
formers, consisting of three series and two shunt transformers for each 
feeder and generator, are contained in cast-iron tanks carried upon 
girder brackets built out from the wall. The oil switches are mounted 
in glazed brick sections. 

Fig. 17 gives a plan and front elevation of the right-hand control 
desk and instrument board. Тһе synchronising pauels are mounted 
upon hinged brackets on the middle stanchion of the station, and two 
additional synchronising panels are mounted upon stanchions at the 
extreme right and left of the control desks. In the event, therefore, 
of the station being worked as two independent halves, by the use of 
the busbar interconnecting switch, each half has a duplicate set 
of synchronising panels. 

The instrument boards are carried upon hinged brackets on the 
main building stanchions, with intermediate suspension supports from 
the floor above. The operator has a complete view of the whole of the 
engine-room, through the space between the bottom of the instrument 
boards and the top of the control desks. 

The high-tension switchgear has given great satisfaction, as not 
only is its arrangement simple and easily understood, but it is very 
convenient for operation. The control switches and instruments for 
the eight generators are brought to the centre of the control desks, 
being arranged four on each side of the middle stanchion. The 
greater part, therefore, of the work of the switchboard attendant can 
be carried out without his having to move far from the central 
position. 

In addition to the synchronising apparatus on the switch gallerv, a 
synchronoscope is fixed near the stop valve of cach engine and turbine. 
This is connected in parallel with the main synchronising gear 
when required, and the driver is enabled to bring his machine into 
synchronism with the others by the indications of this instrument, 
without having to depend in any way upon signals from the switch 
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gallery. A very simple system of signals, therefore, only is required, 
and two large illuminated telegraph boards are fitted, controlled by six 
small switches immediately under the edge of each of the generator 
panels on the control desks on the switch gallery, by which the number 
of the engine and the signals “ Slow," “ Run up,” “Оп load,” “ Reduce,” 
“Stop,” are given. These switches are indicated in Fig. 17. When 
the signal * Run пр" is given, the driver knows that һе has to bring 
his machine into synchronism, and he therefore watches the indica- 
tions of his synchronoscope. When the switchboard attendant sees 
by the synchronoscope on the gallery that the generator is in step, he 
closes his oil switch, and signals to the driver “ On load." "The driver 
then gradually opens the stop valve to the full, and the switchboard 
attendant, by means of his field rheostat and motor-governor adjust- 
ment, divides the load equally among the various generators. 

When the signal “ Reduce" is given, the driver gradually closes the 
stop valve, and, as soon as the ammeter indicates zero, the oil switch 
is opened, and the signal changed to *Stop." A large bell or whistle 
calls the attention of the driver to any change of signal of the 
telegraph board. 

Тһе governor adjusting apparatus was mentioned earlier as consist- 
ing of a small reversible 3-phase motor, and is put into operation by 
means of a simple reversing switch on the generator panels of the 
control desks. 

Reverse current relays are fitted on the generator circuits and 
time-limit overload relays on the feeder circuits, Experience with the 
reverse relays has almost converted the author to the opinion that 
the generators should have no tripping relays of any kind whatever. 

In addition to the high-tension switchgear, Fig. 15 shows, in plan, 
the position of the switchgear for controlling the auxiliary machines 
and the motor, lighting, and track-feeder panels. It also indicates the 
position of the switchgear controlling the motor-generators in the 
Greenwich sub-station, which is a part of the main station. This gear 
docs not call for any special reference. 

Fig. 18 is from a photograph of the switch galleries taken from the 
opposite side of the engine-room. 

It will be noticed from the diagram of connections in Fig. 14 that 
the spark-gaps can discharge to a common earthing system. This 
consists of three 10/12 bare copper cables, which connect in three 
places with the condenser water pipes, which themselves are in direct 
communication with the river. Until recently the central points of the 
star windings of the stators of the generators were also directly con- 
nected to this earthing system. The experience at Greenwich, however, 
has been similar to that at other places, viz., that when more than one 
machine is running heavy local currents are set up between the 
various machines through this earthing connection, the currents having 
a periodicity equal to three times the normal. 

It was also found that, when an earth connection took place at any 
part of the external high-pressure system, the heavy resulting current 
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brought the voltage of the whole station down pending the opening 
of the time-limit overload relay on that individual feeder. The more 
machines running, the greater was the shock to the whole station, 
because as each machine was connected to the fault through the 
busbars, and to the earth connection through the centre of its star 
winding, they were all working in parallel equally on the fault and 
on the system. 

After a great deal of consideration and experiment, it was decided 
that a resistance should be placed in the earth connection with a view 
of limiting the short-circuit current, in the case of a fault, to the 
minimum amount necessary to operate the overload circuit breaker 
on the faulty feeder. As, however, feeders up to 10 miles in length are 
in use, which ћаус an appreciable resistance, the earthing resistance 
had to be low enough to make the circuit breaker certain in operation, 
even if the fault occurred at the end of the longest feeder. 

The next question was whether there should be an earthing resist- 
ance for each generator, or whether the generators should be coupled 
together at their neutral points with one earth resistance. Тһе diffi- 
culties with the former method were that unless the earth connection 
of each machine was cut off while it was standing, it would be possible, 
under certain remote conditions, to charge the stator windings of the 
standing machines to a dangerous pressure in the event of a bad earth 
fault on the system, and also the high cost of the separate earthing 
resistances. If a switch were inserted in the earth connection of each 
machine, there would always be a risk that it might be forgotten either 
to be opened when the machine stopped or to be closed when the 
machine started, unless it was locked with the main switchgear. "This 
would have entailed a considerable complication in the arrangement, 
besides being very expensive. The difficulty with the latter method 
was that the interchange of current between the machines would not 
have been prevented. 

An attempt was, therefore, made to arrange for only one earthing 
resistance, and to connect one only of the running machines to earth 
through that resistance. Ву this means a short between cither phase 
of any feeder and earth would only affect that particular machine 
which happened to be connected to earth, and the terminal pressure 
of the remaining machines would be unaffected. Тһе current which 
that particular machine would have to give to operate the circuit 
breaker on the faulty feeder would be well within the capacity of that 
machine. Тһе danger of this method was, obviously, that if the 
particular machine which was earthed was shut down, it might be 
forgotten to connect another running machine to earth. 

Mr. E. V. Shaw, therefore, designed the interesting switch which is 
described below, by which, if any machine which has its central point 
connected to earth is shut down, either accidentally or purposely, the 
switch automatically moves forward until it has connected another 
running machine to earth. 

The apparatus is shown in Fig. 19, and consists of two independent 
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sets of circular switches, arranged upon two slate panels at opposite 
ends of a shaft, which is operated by a small direct-current motor 
through wormgear. The whole is mounted upon a combination bed- 
plate, and forms a complete apparatus. 

The switches on one panel are of the single-pole knife type, and are 
eight in number, arranged in a circle. They are operated by a cam on 
the end of the wormwhecl shaft. These switches control the working 
of the motor. The switch on the other end of the wormwheel shaft 
is of the flat spring contact type, and makes connection between two 
sets of contacts arranged in concentric circles. "This switch controls 
the closing solenoids of the earthing switches of the eight generators. 

The cam which operates the motor switches is so arranged that, as 
the wormwheel shaft revolves, one knife switch after the other is 
closed. Only one switch remains fully closed at any one time, but the 
following switch does not open until the one in advance is fully closed. 
As the motor revolves, therefore, it closes these knife switches one after 
the other, and so maintains its connection with the source of supply, 
provided that the other parts of the circuit are complete. 

Each of the generator and feeder main oil switches is fitted with a 
small double-throw pilot switch, which is operated by the motion of 
the main switch, and is used to connect either a red or green signal 
lamp. Тһе red lamp lights up when the main switch is closed and the 
green lamp when it is opened. These pilot switches have been utilised 
to act as the key switches for the control of the motor. 

Fig. 20 shows in diagram the connections of the earthing switches 
and the circuits and switches controlling them. Тһе action will be 
clearer if an example be taken. Let us assume that generators Nos. 1, 
3, and 5 аге working in parallel, and that the earthing switch of 
generator No. 115 closed. The diagram indicates the positions of the 
pilot switches on the generator main switches, and the motor has 
stopped with the control switches at position No. r, bv which the 
control current at 125 volts will have closed the earthing switch of 
generator No. 1 through its solenoid. "There is a small auxiliary switch 
on each earthing switch, which cuts current off the closing solenoid 
immediately the earthing switch is closed, so that the control current 
is not flowing the whole time. 

Let generator No. 1 be now switched off the busbars. The opening 
solenoid of the earthing switch, which is separate and distinct from the 
closing solenoid, is connected in parallel with the opening solenoid of 
the generator main switch, so that the operation of opening the main 
oil switch opens the earthing switch on that machine at the same time, 
and also closes the auxiliary switch. The opening of the main switch 
also knocks the pilot switch to the “off” position, and it will be seen 
from Fig. 20 that this will close the motor circuit, and the motor will 
start to turn the wormwheel shaft, and with it the cam switches and 
the switch which controls the closing of the earthing switches. 

When the motor has brought the control switches to the second 
position, it will find its circuit still closed, because No. 2 generator is 
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switched off, and its pilot switch is set in the “off” position. This 
maintains the motor circuit, but, when the motor has brought the 
control switches to No. 3 position, it will stop, since the pilot switch on 
No. 3 generator main switch is in the “оп” position, and the circuit of 
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Fic. 20.—Greenwich Generating Station—Diagram of Connections of 
Automatic Earthing Switches and Resistance. 


the motor is, therefore, broken. At the same time the control switch 
on the other end of the wormwhcel shaft will have closed the earthing 
switch of No. 3 generator, because the pilot switch, being in the “оп” 
position, will complete the circuit of the closing solenoid. 
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Should No. 3 generator be switched off, the circuit of the motor 
would be again closed by the operation of the pilot switch on No. 5 
main switch, and the motor would go on revolving the control switches 
until it came to a generator switch which was in the “оп” position, 
when it would stop and close the earthing switch of that generator. 
It will be seen, therefore, that this device is entirely automatic in 
` action. 

The earthing resistance is made up in eight different sections of 
cast-iron grids, arranged іп 64 frames. Тһе frames are connected 
eight in series, and the eight sections are joined in parallel. Тһе com- 
bined resistance is about 3:5 ohms. А hand-operated knife switch is 
inserted in each of the eight groups so that either section can be 
disconnected at any time, either for increasing the value of the 
resistance or for testing or repair purposes. 

The switches connecting the generators to earth are of the single 
· pole oil type, and are large enough to carry 500 amperes for 15 minutes 
and to break this current at 6,600 volts pressure. 

The whole of the operation of the solenoids of the oil switches, 
automatic motor, pilot lamps, etc., is carried out by direct current at 
I25 volts pressure, and the supply is taken from either the auxiliary 
machines or a set of accumulators. 

Accumulators.—The battery of accumulators consists of 280 Tudor 
H.Y. 19 cells of 645 ampere-hour capacity on a 3-hour rating, coupled 
in series. Тһе battery is worked in parallel with the busbars of the 
local sub-station, and is used as a standby for the supply, not only to 
the local track circuits, but also to the 550-уой direct-current power 
and arc-lighting circuits in the generating station. À tapping at the 
125-volt point is taken off, and is connected in parallel with the 
auxiliary machines, so that there is a standby for the switchgear 
operation also. 

The battery is maintained under contract for a period of ten years 
on payment of a total sum equal to about 67 рег cent. of the original 
cost. The annual payments are made on the following basis :— 


Percentage of 
the Total 


Maintenance Sum. 
At the expiration of the second year  ... T I 
” » » third » TT ... 2 
" ji 5 fourth ,, bak ne 3 
n » » fifth » ... ... 5 
" jj » sixth " ns T 7 
» 5 j seventh ,, Ves is 10 
T j 5i eighth  ,, ud xs 15 
» » jj ninth » s jas 22 
» » » tenth „  .. ... 35 


Condenser Water Supply.—The cooling water for the condensers is 
obtained from the River Thames, Four 30-in. pipes аге laid in the 
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bed of the river to a distance of about тоо ft. in front of the coaling 
pier, and two additional 30-in. pipes are now being laid. Four of these 
pipes are used as suction (or discharge) pipes, and the other two only 
as discharge pipes. 

The pipes are of cast iron, and are laid at such a level that they are 
entirely below low-water mark up to the river wall, where they rise 
vertically and enter the centrifugal pump house. The ends of the 
pipes in the river are bell-mouthed, and are carried in a concrete 
basin. 

Fig. 21 shows the general arrangement of the six river pipes, the 
centrifugal pumps, and the straining apparatus. The centrifugal pump 
house is divided into three portions, that nearest the river containing 
three fixed strainer boxes, the middle portion containing the centri- 
fugal pumps and the rotary strainers, and the inner portion the valves 
controlling the various lines of pipes before they enter the engine- 
room. 

The four suction pipes connect through valves to fixed strainer 
boxes, which are iron boxes containing a coarse mesh grid. Strainer 
box No. 1 has two suction pipes connected to it, as it is from this box 
that the larger pump draws its supply. 

There are three electrically driven centrifugal pumps, two of 24-in. 
bore, each capable of passing 12,000 gallons per minute, and one of 
27-in. bore, capable of passing 20,000 gallons per minute. The pumps 
were made by Messrs. Drysdale & Co., of Glasgow, the two smaller 
ones being driven by Electric Construction Company's 3-phase slip- 
ring induction motors of 250 B.H.P. at 365 revs. per minute, and the 
larger by а 350-B.H.P. motor of Messrs Dick, Kerr's make, running at 
365 revs. per minute. 

Each pump connects directly on the suction side with one of the 
fixed strainer boxes, and on the delivery side to the inlet of a rotary 
strainer. Beyond the rotary strainers the pipes pass into the епріпе- 
room in three separate lines of 24-ir. pipes, cross-connected in the 
valve house in such a way that all three lines may be fed from any two 
pumps. 

The return pipes from the engine-room are cross-connected in a 
similar manner before being joined up to the rotary strainers, so that 
the return water passes through the latter in the opposite direction to 
the flow. The three discharge pipes then join up to an omnibus pipe, 
which is connected to the two 30-іп. discharge pipes in the river. 
The omnibus pipe is also connected, as will be seen by the Fig., to thc 
three fixed strainer boxes. When any suction pipe, therefore, is not 
being used as such, it can be used as a discharge pipe, and, with its 
fixed strainer, can be washed clear of mud or foreign matter by the 
discharge water. 

The use of Thames water for condensing purposes has frequently 
given a great deal of trouble in consequence of the large amount 
of mud which is held in suspension, and the quantities of straw, hair, 
and other foreign matter floating in it. The arrangement at Green- 

VOL. 48. 18 
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wich, which was designed on the advice of Messrs. Bailey & Jackson, 
of the City of London Electric Lighting Company, has proved most 
effective, and the author wishes to place on record his obligations to 
them in this respect. 

The rotary strainers, which were constructed for the Council by 
Messrs. Bailey & Jackson, will deal with about 1,000,000 gallons of 
water each per hour. Тһе apparatus consists of a circular casing 
some Io ft. in diameter, and about 5 ft. wide. 

In the centre of the casing, and capable of very slow revolution, is 
a wheel, containing, between its spokes, grids formed of sheet brass 
strips, interlaced or corrugated ina particular manner soas to form small 
channels for the passage of water, these channels being about jin. 
in diameter. On either side of the wheel the casing forms a chamber, 
each of these chambers being divided by a partition of considerable 
width into two compartments. Тһе first receives the unstrained river 
water, which, after passing through the strainer wheel, reaches the 
compartment immediately opposite, and passes thence into the main 
circulating pipes to the condensers. 

The water on its return is led into the fellow compartment on the 
same side of the casing, and, after passing through the strainer wheel 
in the opposite direction, reaches the compartment immediately oppo- 
site, whence, together with the solid matter previously separated out 
and temporarily retained upon the strainer surface, it is returned to the 
river. EP" 
The wheel is rotated very slowly by means of a circular rack, about 
I revolution in 2 minutes being sufficient for ordinary conditions of 
Thames water. Тһе rack is driven through worm-gearing by a small 
3-phase motor. 

To provide against the wheel becoming choked or jammed by 
foreign substances getting between the rim of the wheel and the 
casing, a special form of packing is provided, and sealed with water 
at a slightly greater pressure than the circulating water. "This is found 
effectually to drive back foreign substance, grit, etc., and to prevent 
jamming and undue wear between the faces of the wheel and the 
casing, which would otherwise take place. It will be seen that with 
this arrangement the circulating pipe system is completely sealed, full 
advantage of syphon action and consequent saving of power for pump- 
ing is obtained, and also that all fibrous refuse is automatically rejected 
and returned to the river. The only disadvantage is that a certain 
amount of water, amounting to about 15 per cent., leaks past the 
partition, and is returned to the river without flowing through the 
condensers. 

The effect of reversing the flow of the water in the fixed strainers 
and suction pipes has been very successful, and, on a recent occasion, 
when one of the pipes in the strainer house was opened up in order to 
couple up one of the new river pipes, hardly any mud or deposit was 
found, while no trouble has been experienced in the condenser tubes, 
showing that the rotary strainers effectively prevent all foreign matter 
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from passing into the pipe system. Тһе valves in the fixed strainer 
and valve houses are arranged around the edge of a gallery, and are 
operated Бу means of a small portable electric motor and wormgear. 

The centre line of the centrifugal pumps is + 10:5 ft. O.D., while the 
centre line of the mouths of the pipes in the river is —15°75 ft. O.D., 
or 2625 ft. Бом the pumps. Тһе lowest recorded tide is —12 ft. 
O.D., which gives 22:5 ft. as the likely maximum lift for the pumps; 
while the highest recorded tide is +16°5 ft. O.D., under which cir- 
cumstances the pumps are flooded. The system of pipes being closed, 
a syphonic action is obtained, so that, once the pipes are charged, the 
pumps have only to deal with the pipe friction, and not with the maxi- 
mum height of suction. А small steam ejector, fixed at the top of the 
pump, is used in charging. Soon after turning on the steam the water 
can be seen rising in the gauge-glass of the pump, and the motor is 
then immediately started. 

To relieve the condenser-pipe system of any air which might 
accumulate, two 6-in. barometric syphon pipes are arranged, which 
extend about 4o ft. vertically, and are connected at the bottom to the 
highest points of the pipe system. Two dry air pumps take tbe air 
from the top of the barometric pipes. 

It will be noticed that all the pipes terminate in the river compara- 
tively close togcther, and it might have been assumed that there would 
be a considerable rise in the temperature of the suction water in 
. consequence. Experiments, however, have shown that even at dead 
low water there is only a difference of 2? or 3? F. between the tem- 
perature of the water in the river in front of the pier and in the suction 
pipes in the pump house. As the tide rises the difference in tempera- 
ture becomes less until, at high tide, no difference can be noticed. 
The flow of water in the river is so rapid that the warm discharge 
water is carried away very quickly indeed. 

A large cast-iron sump, about 8 ft. in diameter and 15 ft. decp, has 
been sunk in one corner of the centrifugal pump house, and into this 
sump all the drainage water of the station is led. Тһе basement of the 
station is below the level of the street sewer, so that a direct connection 
to the sewer could not be obtained. The sump is regularly emptied 
by means of a small electrically driven centrifugal pump. 

The boiler blow-down pipes were originally connected to a sump 
also, but the enormous quantity of steam which was given off when the 
boilers were blown down was so objectionable that a new arrangement 
has recently been devised, which works exceedingly well. lt is cus- 
tomary to blow down each of the working boilers every night to an 
amount of about 5 in. in the gauge-glass in order to keep down the 
alkalinity of the water. The method now adopted is shown in Fig. 22. 
A large wrought-iron tank has been fixed in the yard, with a 12-in. pipe 
at the top connected to the vertical atmospheric exhaust pipe. Тһе 
boiler blow-down pipes are coupled up to this tank, and all steam 
which is given off passes harmlessly away through the atmospheric 
pipe. The tank discharges by gravity into the river through the 
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Fic 22.—Greenwich Generating Station—Arrangement of Boiler 
Blow-down Pipes. 
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condenser water discharge system, and air leakage is prevented by 
means of a syphon, which is placed within the sump mentioned above. 
There is always enough water left in this syphon pipe to seal cffectively 
the condenser pipe system. 

The engine and turbine condensers take their supply of water from 
the condenser water pipes in the engine-room basement, and the supply 
is controlled entirely by means of stop valves arranged in convenient 
positions on the engine-room floor. 

The whole of the river pipe-work beyond the strainer house was 
carried out under the supervision of Mr. Fitzmaurice. 


TABLE IV. 
Cost. Per Kilowatt. | 
ey 5 £ 
Land and buildings ... Б -— yos 334,000 9:82 
Pier and river work ... Т. Sie T 60,180 177 
Engines, turbines, alternators, and con- . 
densers ix T — ae i 197,920 582 
Boilers and economisers ... .. 102,460 3'01 
Main and auxiliary switchgear, accumula- | | | 
tors, station wiring, lighting, tools, etc. | 35,600 HOS 
Steam, exhaust, and condenser piping, 
pumps, strainers, and tanks 2 54,800 1°61 
Coal and ash cranes and conveyors loco- А 
motives, etc. 5 m M 10,950 9:32 
Cranes, turntables, railway track, ес. ... 7,560 0'22 
| 
Total з тте Sis 803,470 23°63 | 


Sub-station and Workshop.—It will be seen from the general plan of 
the station (Fig. 2), that there is a sub-station on the south side of the 
switchgear recess. This is equipped with three 500-k.w. induction 
motor-generators, and is used for supplying the local tramway tracks 
and the auxiliary 550-volt direct-current motors in the station. The 
arc lighting is also supplied from this source. 

The workshop adjoining is equipped with such machine tools as 
are necessary for small repairs, such as a planing machine with bed 
3 ft. wide by 6 ft. long, то-іп. and r5-in. lathes, etc. 

Lifting Tackle.—A 30-ton electrically operated 3-phase jib crane is 
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provided in the yard of the station, and by its means materials can be 
readily lifted from barges in the river. A railway track laid to standard 
gauge runs round the whole station, with branches into the condenser 
pump house, the engine house, and the boiler house. 

Hand-operated overhead cranes are fixed in the strainer, centrifugal 
pump, and valve houses, and a іо-іоп electrically operated crane in the 
workshop and sub-station. The engine-room has а 50-ton overhead 
travelling crane, worked by four 3-рћазе motors. Тһе motors are 
controlled through auto-transformers. 

Lighting.—The station is lit by 79 arc lamps, arranged generally in 
series of five, and about 1,250 incandescent lamps. Тһе latter are on 
two separate main circuits, the one taking those lamps which are 


TABLE V. 


| Per Unit. 
" «| F 

al (including unloading) and removal of 
| ү. st га и M S 64,797 | 02327 


| Salaries and wages, running staff  ... sus 9,840 00353 


| Ой, waste, water, and stores ... T 45% 2,164 0'0078 
Repairs to plant апа а нш апа А 
| materials) - e 5,014 00159 
_ Management, insurance, and miscellaneous 1,697 o'oo61 
| 
Rent, rates and taxes ... és he 7 8,696 0'0312 
Total n -— 6% | 92,208 0'3311 


required both during the day and night, and the other the night lamps 
only. By this means those lamps which are not required during the 
daytime can be kept entirely switched off at the main switchboard. 

Capital and Operating Costs.—Although the equipment of the station 
is not quite completed, the total cost is known within very narrow 
limits, and is, in round figures, £800,000, made up as shown in 
Table IV, 

Owing to the fact that the second portion of the station has only 
just been put into operation, the full financial effect of working the 
station as a whole has not yet been ascertained. It is certain, however, 
that a considerable saving will be made in many directions, although 
the principal item, that of coal, must always remain the determining 
factor in the cost sheet, 
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The following figures, and Table V., p. 271, are for the year ended 
December 31, 1908, and relate to the first half of the station only :— 


Units delivered to sub-stations ave ... 66,836,206 * 


Maximum load in kilowatts... Ке 2 16,000 * 
Station load factor vos Ра T ... 4775 per cent. 
Coal 92,672'5 tons. 


(Partly at 14s. 54. per ton, and partly at 115. per ton.) 
Coal per unit delivered to sub-stations ... 771 lbs. 


TRANSMISSION, FRANSFORMING, AND DISTRIBUTION SYSTEMS. 


The map in Fig. 1 will give a general idea of the area which is fed 
from the Greenwich station. The high-pressure 3-phase energy is at 
present transmitted to 13 sub-stations on the south side of the river— 
viz., Greenwich, New Cross, Elephant and Castle, Brixton, Camberwell, 
Clapham, Wandsworth, Battersea, Streatham, Stockwell, Tooting, 
Forest Hill, and Lewisham ; and, on the North side of the river, to 
то sub-stations at Limehouse, Shoreditch, Mildmay Park, Holborn, 
Holloway, Islington, Hackney, Clapton, Camden Town, and Hammcer- 
smith. In these sub-stations the energy is transformed by means of 
rotating machinery to direct current at about 550 volts pressure. 

High-pressure Cables.—The general system of transmission is as 
follows :— 

А 3-соге paper-insulated lead.covered cable, with conductors 
0:15 sq. in. area, runs directly from the main switchgear іп the 
gencrating station to each of the sub-stations above named. Certain 
of the sub-staticns—e.g., the Elephant and Castle, Shoreditch, and 
Holloway—have two such feeder cables. The sub-stations are also 
linked together by a similar cable with conductors 0075 sq. in. area, 
forming an interconnecting main, so that each sub-station really has 
three sources of supply: (1) by the feeder directly from Greenwich, 
(2) and (3) from the nearest sub-station on either side. 

On the south side of the Thames the sub-stations are interconnected 
in two independent groups, and on the north side in one group only at 
present. 

The 3-core high-tension cables, both feeders and interconnectors, 
are provided with a copper sheath immediately inside the lead. They 
are drawn into stoneware ducts which are laid in banks of from 3 to 32, 
the cables for the north side of the Thames being carried through the 
Blackwall Tunnel in the cable subway beneath the roadway. Where 
the cables pass through the manholes they are wrapped with two layers 
of asbestos tape, painted with asbestos paint, as a protection against an 
arc in the box on one cable affecting others adjacent. 

Sub-slalion Plant.—'The sub-stations which were first built were 
equipped with 300-k.w. synchronous motor-gencrators, but all the other 


* ]t is estimated that, for the усаг ending March 31, 1910, these figures will be 
respectively 91,000,000 units and 21,000 kilowatts. 
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sub-stations with one exception have motor-generators each of 500-k.w. 
capacity. Тһе majority of these arc of the induction type. Тһе actual 
numbers and sizes of the machines now fixed, on order, or in course 
of erection are as follows :— 


17 motor-generators, 300-k.w. capacity, synchronous type, 
58 motor-generators, 500-k.w. capacity, induction type, 
6 motor-generators, 500-k.w. capacity, synchronous type, 
2 motor-generators, 1,500-k.w. capacity, induction type, 
2 rotary converters, 1,500-k.w. capacity, synchronous type. 


These machines have been made by Messrs. Dick, Kerr & Со., the 
British Westinghouse Company, the Electric Construction Company, 
the General Electric Company, and Siemens Bros. Dynamo Works. Тһе 
total capacity at present installed or on order is 43,100 k.w., while in the 
sub-stations already built or projected there is space for further motor- 
generators of 16,400-k.w. capacity, which makes a total possible plant 
capacity in the sub-stations of 59,500 k.w. This is calculated to be 
more than sufficient for the total output of the Greenwich Generating 
Station, of which the approximate maximum top load is reckoned 


at 30,000 k.w., as follows :— 
Kilowatts. 


Approximate maximum top load Greenwich ... 30,000 
Add for diversity factor of sub-stations = (1'25) ... 7,500 


Approximate total demand of sub-stations ... 37,500 
Add one-third for spare plant се. see ... 12,500 


Total plant required for sub-stations ... 50,000 


All the motors have the stators star-connected and wound to take 
the full-line pressure of 6,600 volts between phases. The central point 
is not connected to earth. 

The magnets of the generators are all shunt wound. "Those of the 
300-k.w. machines were originally compounded, but shortly after 
starting the author had the series windings disconnected, and they 
have since been worked solely as shunt machines. ‘This has simplified 
the switchgear, and removed certain risks of reversals of polarity in the 
machines. 

The 300-k.w. and the 500-k.w. motor-generators, both of the induction 
and synchronous type, run at the same speed, viz., 300 revs. per 
minute, while the 1,500-k.w. motor-generators run at 137 revs. per 
minute, and the rotary converters at 250 revs. per minute. 

The mechanical arrangement of all the motor-generators is identical. 
They each have three bearings, the middle bearing carrying the short 
shaft which couples the alternating-current rotor shaft on the one 
side to the direct-current armature shaft on the other. 

Each of the 300-k.w. synchronous machines has its alternating- 
current rotor excited at 125 volts from a small direct-current generator 
mounted on the same shaft, while cach of the 500-k.w. synchronous 
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machines has its alternating-current rotor excited at 550 volts from its 
own generator. 

The whole of the 500-k.w. machines have bed plates with bolt holes 
arranged to standard dimensions, so that, if necessary, any machine can 
be taken from one sub-station to another, without having to make any 
alterations in the foundations. One of the 500-k.w. induction machines 
is illustrated in Fig. 23, and the synchronous machines аге similar in 
general outlines. 

The 50oo-k.w. induction machines have short-circuited rotors. They 
are started up from the direct-current side, and, when synchronous 
speed is reached, are switched directly on to the high-tension busbars. 
To indicate synchronous speed a small enamelled iron disc, painted 
with alternate black and white sectors, is screwed to the end of the 
shaft. When illuminated by a 25-cycle incandescent lamp, these sectors 
appear stationary if the machine is at synchronous speed. This has 
proved a most effective method, and is much superior to any type of 
speed indicator, as it takes into account any variations іп the specd of 
the main generators at Greenwich. When the machine is running on 
load the * slip" is clearly shown. 

The synchronous motor-generators are also brought up to specd 
from the direct-current side, and synchronising apparatus of the 
ordinary type is used for switching them into parallel with the busbars. 

To start cither of these machines in a sub-station which is entirely 
shut down, a small self-starting induction motor-generator of from 
50-k.w. to 150-k.w. capacity is used, which is fed on the alternating- 
current side from a 3-phase transformer at 220 volts. This transformer 
is also used for the lighting of the sub-station, and, although the 
frequency is only 25 (АЈ per second, the incandescent lighting is per- 
fectly steady to the eye. 

The 1,500-k.w. motor-generators at the Elephant and Castle sub- 
station have wound rotors with slip rings. A water resistance is 
inserted across the rings at starting, and the full busbar pressure is 
switched directly on to the stator. Тһе machine then gradually 
gathers speed, and the resistance is cut out by degrees, until, when the 
machine has rcached full speed, the slip rings are short-circuited. 

Considerable trouble was originally experienced, owing to the 
breakdown of stator coils on the 500o-k.w. induction motor-generators 
at the time of switching оп to the busbars. Тһе breakdowns usually 
took place between adjacent turns of the terminal coils, and frequently 
resulted in earthing that particular phase on account of the destruction 
of the whole of the local insulation. With the exception of machines 
of one make the fault was common, and was originally believed to 
occur in consequence of some momentary abnormal rise of busbar 
pressure when the machine was switched on. Careful investigation 
with an oscillograph, howcver, showed no such rise, but rather a slight 
fall of pressure, which is what would have been expected considering 
the sudden and momentary heavy rush of current. Fig. 24 is from a 
film taken during the operation of switching in. 


1909. ] LONDON COUNTY COUNCIL TRAMWAYS. 275 


Investigations by others, however, seemed to indicate that the 
terminal coils of the machines, which under ordinary circumstances 
would only have to deal with their own comparatively low voltage, 
were subjected, at the times of switching on, to the full potential 
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Е16. 23.—Elevation and Plan of Standard 500-k.w. Induction Motor-generator. 


difference of the busbars, in consequence of the fact that it took a 
certain tiine for the voltage, as it were, to soak in. It also appeared 
that the terminal coils would be subjected to similar abnormal strains 
in the event of a bad earth on either of the feeders, which might have 


feer 
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the effect of suddenly lowering the potential at one terminal of the 
machine down to zero. 

Extra insulation was therefore placed between the respective 
turns of the terminal coils, and this had a marked effect in reducing 
the trouble. It was, however, not entirely cured, and the fact that the 
machines of one particular make did not suffer in this way, although 
the coils were hand wound, led to the conclusion that the proportions 
of the coils, and the manner in which they were constructed, had a 
good deal to do with the trouble. 

With the exception of the coils of the machines just mentioned, the 
whole of the windings of the induction motor-generators consisted of 
open-ended former wound coils, made up and insulated in the correct 
shape before threading through the partially closed slots of the stator. 
The ends were afterwards joined together so as to form a complete 
coil. 

Coils with five different arrangements of the conductors were in 
use, and these are indicated in Fig. 25. It will be seen that, with the 
exception of the coils of type A, there was a considerable difference of 
potential between certain of the adjacent turns, which difference could 
become seriously aggravated when switching-in took place. It scemed 
evident, therefore, that the type of coil indicated at A was much 
superior to the others, and this type has been rigidly specified in all 
recent machines. That this point had a great deal to do with the 
breakdowns is evident, when it is stated that there are a number of 
machines working in the sub-stations with coils of type A, which are 
tunnel wound by hand, without any special impregnating or insulating 
material between the layers, and that they have not broken down since 
they were started, several years ago. Machines with coils having the 
conductors arranged as at B, C, D, and E in Fig. 25 have frequently 
failed although they have been semi-former wound, and special care 
was taken as regards the insulation between the various turns. 

The following standard specification is now enforced for all motor- 
generator coils, whether of the induction or of the synchronous type :— 


* 'The stator windings to consist of one coil of only one turn 
wide per layer, per slot, and to be made into partially formed 
coils before inserting in the slots. The straight portions of each 
coil to be thoroughly insulated, both externally and between 
layers, with mica, and the whole of the coil to be thoroughly 
impregnated under vacuum and pressed to shape while hot. 

“The straight portions of the coils to be an exact fit for the 
width of the slots after the coils have been hot pressed, and to be 
evenly threaded through the partially closed slots of the stator. 
Any space remaining radially to be closed up by accurately fitting 
wedges driven right through the slot at the periphery. 

“When in place Ше open ends of the coils to be joined up and 
well insulated. The external loops of the windings to be well 
taped and varnished, and to be finished all over with an oil and 
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waterproof varnish. If the coils are not stiff enough to stand the 
mechanical strains which might occur in working, the external 
loops to be securely anchored in mechanical supports on each 
side of the core." 


Attempts were made by means of an oscillograph to ascertain 
whether the terminal coils of the machine were actually subjected to 
the full voltage of the busbars at the instant of switching on, but only 
a small rise was observed, as will be seen by Fig. 26, which shows the 
pressure across ту of one phase at the terminals of a machine during 
switching. This rise would not account for the frequent breakdowns, 
and it is evident that the dangerous rises, if they exist at all, only last 
for such a short instant of time that, even on an oscillograph having a 
natural frequency of бв of a second, no indication was observed. | 

A series of experiments were then carried out to ascertain whether 
any benefit would be derived by switching on the induction machines 
through choking coils which were afterwards short-circuited. This 
was found materially to reduce the apparent shock of switching the 
machine on, so far as could be judged by the noise made by the 
machine. The best proportion of choking coil was obtained when 
the coil absorbed about onc-half of the voltage across the busbars, and 
Figs. 27 and 28 show the voltage across пу of one phase at the terminal 
during the period of switching оп а machine in this manner. Кір. 27 
shows switching with the choking coil in circuit, and Fig. 28 when 
the coil was short-circuited. It will be noticed that the oscillograph 
‘records a voltage rise as high when the choking coil is short-circuited 
as when the machine is switched on without the choking coil. A 
number of such choking coils and short-circuiting switches have since 
been fixed in some of the sub-stations, and their behaviour is being 
carefully watched with a view to their general use. So far they 
appear to have had very beneficial results. 

Fig. 29 shows the pressure across one phase of the busbars, and 
Fig. 30 the pressure between one phase and earth. These were taken 
with the sub-station fully loaded. Fig. 31 shows the busbar pressure 
when the feeder was suddenly switched on at the generating station, 
and Fig. 32 the pressure between one phase and earth under similar 
conditions. The records were taken at the Shoreditch sub-station, the 
feeder from Greenwich being about 6 miles long. Only a few faint 
ripples can be seen in the busbar curves in Figs. 29 and 31, but there 
is a distinct third harmonic in the other two, evidently due to a want of 
balance in the windings of the machine. 

А то-іоп hand-operated overhead crane is provided in each sub- 
station, while, at the Elephant and Castle sub-station, where there are 
motor-generators of 1,500-k.w. capacity, there is а 25-ton, 3-motor 
crane. 

The sub-station switchgear is, as far as possible, uniform in type 
and arrangement. The operating gear is mounted on a platform, the 
level of which is about 12 in. above the sub-station floor, on the long 
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side of the room. The platform is 11 ft. wide, and the fronts of the 
panels stand about 6 ft. from the back wall. Тһе low-tension 
machine and feeder switches are mounted on the fronts of the panels, 
while the high-tension switches and transformers are erected in brick 
cells, either in a basement below the switch platform or on a gallery 
above, and the operating gear only is mounted on the panels. 

A plan of the general lay-out of the Shoreditch sub-station is given 
in Fig. 33. There are five motor-generators of 500-k.w. and one of 


FiG. 29.—Shoreditch Sub-station—Curve of Busbar Pressure. 


50-k.w. capacity. This is a “basement” sub-station, and the high- 
tension. switchgear is located immediately beneath the operating 
panels. The whole of the basement is Нее for the running of cables, 
etc., as the machines are carried entirely upon the steel and concrete 
floor. 

Fig. 34 shows a cross-section of the high-tension switchgear 
of a typical * basement" sub-station, and Fig. 35 that of a typical 
* gallery" sub-station. The differences in the arrangement of the 


Fic. 30.—Shoreditch Sub-station—Curve of Pressure betwecn І Phase and 
Earth. ' 


gear in the two types will be evident. ‘The gallery type is a cheaper 
sub-station to build, and the switchgear is more accessible and 
better lighted. 

Every endeavour has been made to obtain machines and switch- 
gear of the simplest possible kind. For this reason induction motors 
and shunt-wound generators have been largely used, and all instru- 
ments and apparatus which were not absolutely necessary have been 
gradually climinated. Typical high-tension feeder and machine panels 
are illustrated in Fig. 36. 

A description of the low-tension track-feeder switchgear is somewhat 
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bound up with the special arrangements rendered necessary for feeding 
the conduit system. Two separate conductor bars are used in each 
conduit, one being positive and the other negative ; the track rails are 
not used at all. Тһе conductor bars are divided up into sections 


Fic. 34.—High-tension Switchgear in typical “ Basement" Sub-station, 


of approximately half a mile in length, and each half-mile section is 
separately fed from a sub-station. 

The conduit system is subject to many faults from which the 
overhead system is Нее. These faults are sometimes оп the cars 
(generally in the plough), but more frequently are found in the 
conduit itself, due to foreign conducting substances falling through 
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the slot rails. Ав both positive and negative conductor bars are 
used, positive and negative earths may occur simultaneously on two 
different sections fed from the same sub-station. "These, of course, 
would constitute a short circuit so far as the sub-station is concerned, 
and means have to be provided by which the positive fault can be 
changed at once into a negative fault. This is done by reversing 
the polarity of the track feeders of the section having the positive 
earth. 


VOLTMCTERS в Зунсняомуме GEAR 
ом ФЛАСИСТ. 


REVERSE CuRACNT RELAYS 


Q 
Н.Т. FECOER. М.Т INTERCONNECTOR. Зум Мотой GENERATOR. INDUCTION MOTOR GENERATOR. 
оси 9? о з тшт. 


Fic. 36.—Typical Sub-station High-tension Feeder and Machine Panels. 


Electrical car and track faults resolve themselves into four kinds, 
viz., (1) negative earth, (2) positive earth, (3) short circuit between 
positive and negative without earth, or (4) short circuit with earth. 
These various faults are detected and dealt with very readily by 
the type of switchgear adopted. 

Fig. 37 shows a front view of a standard track-feeder panel. The 
characteristic difference between it and one for the overhead system is 
the use of a double-pole change-over switch. By this switch the 
polarity of the feeder connected with the panel can be reversed 
without in any way interfering with the polarity of the busbars or 
of the other circuits. In the event, therefore, of a positive fault on 
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that section, it can at once be changed into a negative fault by 
reversing the change-over switch. The reversal has, of course, no 
effect whatever on the running of the motors. 

The change-over switch is not of the ordinary kind, but, as shown 
in Fig. 38, has auxiliary contacts on each pole at the top and bottom 


Gus- Bans eti NO. 


2 reer 


("tA а © 


FIG. 37.—Standard Low-tension Track Feeder Panel. 


positions. These contacts are insulated from the main contacts, and 
when the blades of the switch are pulled out of the main contacts into 
the auxiliary contacts, either at the top or the bottom, the track 
feeders are connected to the busbars through a fixed metallic resistance 
of 5 ohms, the track feeders and a special testing panel set at right 
angles to the main switchgear. The position will be seen from 
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Fig. 33, which shows the arrangement in Shoreditch sub-staticn 
Fig. 39 shows the diagram of connections. 

The negative busbar of the sub-station is connected to earth by 
means of an adjustable water resistance, which can be varied between 
infinity and a dead earth. It is usually kept at about 1 ohm. 


AUXILIARY STEM. 


' 2 3 4 5 te cnt$. 


SLATE BARRIER. 


Fic. 38.—Change-over Switch Track Feeder Panel. 


All track positive faults, therefore, show themselves at first as short 
circuits and open the circuit breaker of the track feeder connected 
to that section. The attendant at once pulls the change-over switch, 
which is, say, in the top position, into the top auxiliary contacts, and, 
by means of the handle and connecting rod across the front of the 
panels, closes the circuit breakers on the testing pancl. The indi- 
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cations of the two ampere meters on that panel will then show whether 
the fault is only a temporary one or whether it is permanent, and, 
if the latter, whether it is а bad earth fault or not. If the fault is 
а bad one, the ammeters would indicate anything up to 100 amperes, 
and the attendant can tell whether it would be safe to close the track 
circuit breaker, or whether he should try the effect of reversing the 
section. 

If the fault should prove a bad one, he reverses the switch to 
the bottom auxiliary contacts. If the fault were a positive earth, no 
current would then be shown on the testing ammeters, and the 
attendant would close the switch in the bottom position. If, however, 
the fault showed equally bad on that side, he would know at once that 
there was a short circuit between the conductor bars, which would 
have to be removed by a speedy visit to the spot in question. 

If a fault occurred on the negative side it would not open the track 
circuit breaker, but the negative ammeter оп the feeder panel would at 
once show a reduced current when compared with the positive am- 
meter, and a certain amount of current would come back to the 
sub-station vid the earth ammeter on the testing panel. This would 
not dislocate the service, but the fault would be searched for and 
removed at the earliest opportunity. In the meantime the resistance 
in the negative busbar earth connection would be increased so as to 
reduce the carth current as much as possible. 

The diagram of the testing panel in Fig. 39 shows certain pilot 
lamps at the top. Тһе lower groups are connected, so that, as long as 
there is no positive carth, one group lights up brightly and the other is 
extinguished. Should a positive earth show itself, it is indicated not 
only by the circuit breaker on its panel opening, but by the dimming of 
the lamps in one group and the brightening of the lamps in the other. 
The two upper groups of lamps are in circuit with the auxiliary 
contacts. . 

As was mentioned earlier, many of the faults occur on the cars 
themselves. To locate quickly a car which has a negative fault, a trap 
is set by permanently reversing the polarity of the track which is 
nearest to the sub-station. When the faulty car enters that section 
its fault is reversed to the positive side, the breaker opens, and the 
attendant is usually able to stop the car on the road and have it sent 
to the shed at the first opportunity. 

The two ammeters on the testing panel which are used for testing 
the nature of the track faults can be connected by multiple switches 
to two shunts, so that they will read from o-10 amperes, and from 
o-100 amperes. The lower range is used for testing track leakage 
when no car is in a particular section, and the higher range for testing 
faults. 

The track leakage of each half-mile section is measured every night 
at a convenient time between midnight and 3 a.m. Тһе polarity of 
the section is reversed for about half an hour previously to dry off anv 
dampness on the negative conductor insulators. The leakage between 
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conductor bars generally varies betwecn o and 2 amperes per half-mile 
of double track, depending upon the state of the weather. 

The method of testing track faults by means of auxiliary contacts 
and a testing panel was originally devised by Mr. B. M. Jenkin, and 
although it has been modified somewhat in consequence of experience 
in working, it remains in its original form in all essential details. Its 
use has saved considerable time and money, and the sub-station 
attendants are able to ascertain the condition of the track before 
closing the breakers, should they open on a fault, in about 15 seconds. 

A circuit breaker is shown in the negative busbar earth circuit on 
the testing panel, but ithis is not now used, while, in those sub-stations 
which feed both conduit and overhead lines, the earth connection is 
removed entirely, as the track rails are connected to the negative bus- 
bar. In this case the pilot lamps also are not used. 

The various high and low-tension feeder and machine circuits are 
protected by automatic cut-outs, worked directly in the case of the 
direct-current circuits, and by transformers through relays in the case 
of the high-tension circuits. The circuit breakers on the low-tension 
track panels are of the plain overload type without time limit. Con- 
siderable difficulty was originally experienced in obtaining breakers 
which would stand the very severe work which these аге called upon to 
do, in consequence of the liability of the system to dead short circuits 
across the conductor bars. "Those originally supplied had a brief and 
fiery carcer, bat those now in use handle their work exceedingly well. 

The breakers next in the series are those on the direct-current panels 
of the motor-generators. These are of the reverse-current type, and, 
by the use of a separate starting pancl, are cut out of the circuit when 
their motor-generator is being started up. 

The high-tension side of each induction motor-generator is pro- 
tected by a time-limit overload relay, and of each synchronous motor- 
generator by a reverse-current relay on each phase. Тһе high-tension 
feeders are protected in the sub-stations by a reverse-current relay 
on each phase, while at Greenwich they are protected by overload time- 
limit relays, as was mentioned carlier. As the high-tension inter- 
connecting cables between the various sub-stations are used to transmit 
energy in either direction, time-limit overload relays had to be used at 
each end instead of reverse-current relays. The usual settings for the 
time-limit relays are as follows:— 


Low-tension track circuits... sss ... no time limit. 
High-tension side of induction motor- 

generators nie ss xm ... 3-5 seconds. 
High-tension interconnectors =... €— 74 seconds. 
High-tension feeders, Greenwich ... IO seconds. 


The cost of the sub-stations has depended largely upon the amount 
which has to be paid for the land. In all cases it has been the aim to 
locate the sub-station as near to the centre of its work as possible, so as 


1909.] LONDON COUNTY COUNCIL TRAMWAYS 291 


to reduce the cost of the low-tension track feeders. Asan example the 
cost of the Shoreditch sub-station is given in Table VI. 

The efficiency of the various motor-generators at full load is about 
9o per cent., but as the tramway load is a very fluctuating one the all- 
day efficiency of a sub-station as a converter of electrical energy does 
not usually exceed 75 per cent. Тһе diversity of the sub-stations—z.e., 
the ratio of the sym of the maximum loads on the individual sub- 
stations to the maximum load on the generating station—in any one 
day is about 1:25. 

Low-pressure Cables.—The low-pressure cables аге lead-covered 
paper-insulated single-core conductors. They are drawn into stone- 
ware ducts, which, when running along the same routes as the high- 
tension cables, are incorporated in the same banks. Тһе manholes аге 
also, as far as possible, common to both high- and low-pressure cables. 


TABLE VI. 
Cost of Shoreditch Sub-station (3,000 k.w.). 


Per Kilowatt. 


£ 
Motor-generators... г Nm 347 
High and low- tension switchgear ir 3,420 1'14 
Crane, tools, lighting, etc. 400 0713 
Гапа бөз ~ T 10,000 3°33 


Buildings * 217 


* Including offices, stores, etc. 


The latter terminate in fceder pillars, which are fixed at half-mile 
intervals on the tramway routes. At important junctions several 
feeder pillars are used. 

The pillars are somewhat more elaborate for the conduit system 
than is necessary for the overhead system, as they have to аса! not 
only with two feeders from the sub-station, but with four sets of 
positive and negative cables going to the tracks. Тһе conductor bars 
in the conduit are separated by about 2 ft. in their length opposite cach 
feeder pillar, so that the plough breaks contact with one section before 
it makes contact with the other, and, by means of the switches in the 
feeder pillars, either the up or down tracks, or both, on either road, can 
be fed. 

From the fact that sections are frequently reversed in polarity from 
the sub-station, it will be seen that the conductor bars in the conduit 
are sometimes opposed in polarity at the breaks near a feeder pillar, 
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and that if all the switches in that pillar werc closed a short circuit 
would result. The switches are therefore arranged, by means of links 
at the back of the panel, so that no harm can be done by any ignorant 
person who may open or close the switches in front. 

Fig. 40 shows in diagram the switch arrangements at a feeder pillar 
under four different working conditions. There are two separate panels, 
one above the other, each containing four knife switches, two for each 
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Fic. 40.—Diagram of Feeder Pillar Switching Arrangements. 


left-hand track and two for each right-hand track. By special con- 
necting links at the back of the panels and a triangular arrangement 
of terminals, it is possible to connect up the feeders and the switches 
in any desired manner. For example, in the Fig. No. 1 shows the 
feeder feeding only the left-hand tracks, No. 2 only the right-hand 
tracks, No. 3 both right- and left-hand tracks at the same time, and 
No. 4 the feeder disconnected and the two sets of tracks linked 
through. Either No. 1 or No. 2 arrangement is the usual method of 
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working, so that each feeder pillar only has to control its own half-mile 
of track in one direction. 

It will be seen from Fig. до that any person who may operate the 
switches cannot do any harm if he should close those switches which 
should be normally open, because the links at the back which connect 
those switches to the feeders would have been removed. "The changes 
in the arrangements of the links, which determine the whole thing, can 
only be made by one of the technical staff, as the doors at the front and 
back of the panels have separate keys. 

Each feeder pillar is provided with a hand telephone apparatus, the 
lifting of which from its rest rings the telephone bell in the sub-station 
which feeds that particular pillar, so that the drivers, conductors, or 
inspectors can at any time speak with the source of the supply. 

Vulcanised bitumen cables are used entirely for all connections to 
the conductor bars in the conduits, whether from the feeder pillars or 
between sections of the track. As breaks have to be left in the bars at 
all junctions and crossings, so as to give the ploughs a free passage in 
either direction, the “jumper” cables form quite an important part of 
the underground mains system. Owing to their position they are very 
liable to faults. 


GENERAL. 


Since December, 1903, the London County Council Tramways have 
been under the management of Mr. A. L. C. Есі, M.I.E.E., the present 
Chief Officer. Inhis able hands the system has made wonderful strides, 
as the following figures will show :— 


TABLE VII. 


Electric Traction. 


| 
Receipts Maximum 
Car-miles Run. Receipts per | Kilowatt on 
wartied. Car-mile. Stations. 


Passengers 


| 


——M— | ——M |—— M ne 


1903-4 53,351,840 | 4,469,576 222,477 11'946 | 3,700 

| 1904-5 | 126,255,280 | 10,931,396 | 537754 | 11762 | 5,520 

| 1905-6 141,845,555 | 12,164,292 612,906 | 12'093 | 7,050 

1906-7 183,062,063 | 16,267,579 810,320 | 11'955 | 10, 

1907-8 279,166,461 | 25,591,028 | 1,252,001 | 117742 | 15,700 
| 


1 
| — 31,800,000 | 1,550,000 | 11'700 18,500 


| | 


Мг. Bailey. 
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There can be little doubt but that, as the few remaining horse lines 
are converted to electric traction, and more connecting links between 
the northern and southern sections are obtained, the undertaking will 
grow still further, and that the ratepayers of the Metropolis have a most 
valuable asset in the tramway system. 

In conclusion the author takes this opportunity of expressing his 
sincere thanks to the various members of his staff for their loyal and 
devoted assistance during the trying period incidental to the inaugura- 
tion and development of such a large undertaking, and to the Chief 
Officer for his cordial support and co-operation under all circumstances. 


DISCUSSION. 


Mr. Е. BaiLEv: I think Mr. Rider has had an opportunity which 
will fall to the lot of few engincers, in that after considerable expe- 
rience of generating stations in this country he was called upon to 
carry out perhaps one of the largest and most important works which 
has ever been constructed for the purpose of supplying current for 
tramways. How well he has carried out his task is shown not only in 
the paper but also in the results which have been attained. Many 
members have doubtless seen the works, and I myself visited them 
this morning and found running not only two of the Musgrave engines 
which are described in the paper, but also the first turbine put in there 
by Messrs. Willans & Robinson, which was running perfectly on 


more than full load. It occurred to me at the time how ill-advised 


people were, when these works were put down, to suggest that what 
Mr. Rider was then doing was already out-of-date, and I think the 
results have shown that even if they were out-of-date in any small 
details he has done his best to keep them up-to-date from time to time. 
Personally I hope that in years to come not only will the original 
fcatures be retained, but we shall see Musgrave's engines running long 
after the turbines have had two or three changes. Мг. Rider differs 
somewhat from previous writers of papers in another matter which 
shows his experience, for he has not only taken advantage of any 
assistance or advice he could obtain, but has actually acknowledged 
it. I am one of the fortunate people who can speak with some 
appreciation of Mr. Rider's kindness in that matter, for in connection 
with the City of London Company we had the pleasure of supplying 
the County Council tramways with a certain amount of current for 
some time during the execution of these works. It was a matter of 
considerable pleasure to us because the account naturally ran into very 
large figures. The fact that our supply was appreciated is, I think, 
another sign that even old works are not always antiquated. With the 
assistance of other companies we certainly kept the tramways going 
in the way to which Mr. Rider refers, and I think he shows that he, 
at any rate, appreciated the absolute reliability of the supply. With 
reference to the general design of the work at Greenwich, there are 
several features which must strike every one entering the place, par- 
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ticularly the colossal magnitude of the undertaking and the open- Mr. Bailey 
mindedness with which the architect and the engineer must have 
collaborated. They do not appear to have been tied down to any 
particular scheme. It is true they had the encouragement of the rate- 
payers of London behind them, but I think nobody would suggest they 
took any unfair advantage of that. The works are of national import- 
ance, and are a credit to this country. The design of the iron-work in 
the engine-room especially should form a study for all engineers. Year 
after year we have been criticised very harshly by our Continental 
friends for the very ungainly and unsightly manner in which we put 
up buildings. I am quite sure that they cannot have seen this roof 
at Greenwich, which is a most artistic piece of work, and quite worthy 
of the importance of the undertaking. 

With the permission of the Chairman, I should like to make a few 
remarks on the question of feed water and circulation water. Dealing 
first of all with the question of feed water, on page 248 the author 
mentions the use of sulphate of alumina and carbonate of soda and so 
on for the purpose of softening or coagulating the oil, and rendering 
the condensed water fit for the boilers again. I cannot help thinking 
that it scems a pity to use so much soda, because on page 268 Mr. Rider 
mentions that “it is customary to blow down each of the working 
boilers every night to an amount of about 5 in. in the gauge-glass in 
order to kcep down the alkalinity of the water." I cannot help fecling 
that, if it had not been for the use of so much soda, that excessive 
blowing off would not be necessary. This is a case of blowing down 
from the blow-off cock, and not by use of the skum cock, which is 
another matter altogether. While we all appreciate the desire to avoid 
the water becoming too salt, still it does seem a pity that so much soda 
should be used and cause such excessive waste. That it is waste I can 
prove by a small consideration. Five inches in the gauge-glass would 
mean something like 360 gallons of water at a temperature of зоо? F., 
and the heat units contained in that water would be about one million. 
И we assume that the coal at 14s. а ton yields 12,000 B.Th.U. and the 
boiler efficiency is 70 per cent., it follows that 8,400 B.Th.U. аге pro- 
duced from every ton of coal. Working that out, we find that it costs 
about £530 a year to reduce this amount of salt in the water. "That it 
is absolutely necessary to keep the salt down is perfectly apparent. 
Quite recently we have bcen experimenting upon this matter, and we 
found that the electrical resistance of water in a boiler, even with a 
comparatively small percentage of salt in it, is a very vital matter 
indeed. Electrolytic action is immensely increased, and even plates 
will show action upon themselves, in addition to the very deleterious 
action on all the fittings of the boiler. It seems a pity that very serious 
attention has not been generally drawn to this point of avoiding salt in 
the water at all costs, With reference to the author's most generous 
appreciation of the work Mr. Jackson and I myself have done in соп- 
nection with this scheme, we have supplied three rotary strainers for 
the works at Greenwich. Mr. Rider very kindly accepted our advice 
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with reference to laying down a certain portion of the condensing 
plant, the pipes, and so оп. There were several features in connection 
with this work which we had already had before us for years at Bank- 
side, the works of the City of London Company, where we had lived 
through a period of great anxiety and trouble in overcoming these very 
difficult problems. The first point was to get water at all; having got 
the water, how to keep up the supply, and avoid pumping up straw, 
fibre, and other deleterious matter, which simply blocked up the whole 
plant, the condensing tubes, pipes, and so оп. The next difficulty was 
to get the air out of the pipes—not only air, but marsh gas and other 
poisonous compounds of that sort. The author, knowing something of 
these troubles that we had had to deal with, showed his experience as 
an engineer by coming to ask what we would suggest he should do. 
He showed his further experience by adopting our advice ; and now 
he has shown he can beat all of us by coming forward and acknow- 
ledging it. These rotary strainers, I am glad to say, have worked quite 
successfully. The reason why a fixed grid is useless for this purpose is 
that the amount of matter in suspension in the Thames water is so 
great and is so peculiar in character, that an ordinary fixed grid with a 
2-in. or r-in. mesh gets blocked пр. Тһе suspended matter accumulates 
on the grid until the mud comes up behind, and in a few hours the 
whole thing is plastered up solid, and the pressure on the front is 
increased. Тһе result is that, sooner or later, the grid collapses, and 
the accumulation of several hours rushes up into the feeders, tubes, 
condensers, and everything, and it is a week's hard work to clear up 
the place again. In our own case there was £50,000 or £60,000 of 
condensing plant in peril of being scrapped, because we could not get 
the water to it. A rotary strainer has another advantage, that in dealing 
with these large quantities of fibrous material it simply returns it to the 
place it was taken from. The rotary wheel goes round, the return flow 
of water washes it back into the river, and there is no necessity to 
handle it. "This is fortunate, for it is not a pleasant duty. The mud is 
very odoriferous, and we have had to pay pcople rather heavy rates to 
cart it away. It is just as well to return it to the Thames where this is 
possible. Then, again, it has been suggested that these strainers аге 
unduly costly and weighty, and an altogether unnecessary complication. 
I can only say that, at Greenwich and other places where they have to 
deal with enormous quantities of condensing water, it is quite impossible 
to put any plant of this nature to work unless it is something very 
substantial and solid. These strainers weigh about 25 tons each, and 
as they have to work against a head of about 30 ft., the strength of the 
casing must be sufficient to stand such a pressure. It is true the 
pressure is fairly steady, but it is rather excessive at Greenwich, 
because, if I might criticise a paper which has been so extremely kind 
to me, the fact is that the head required is more than usual owing to 
the pipes being a little too small in one or two places, rendering a head 
of 30 ft. necessary, whereas at Bankside we do it with a head of about 
IO Н. The result is that we have no material leakage across the 
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strainer, whereas at Greenwich there is a leakage of about 15 per cent. 
on the whole amount of the circulation water. The cost of this leakage 
is a small matter when dealing with such a large quantity and with 
such large pumps. Іп connection with this matter I might say that it 
is possible also to alter thc arrangement, so that you can apply more 
than one pump in more {һап one place, and thus reduce the leakage to 
any extent desired. The works cover an area of 34 acres, every inch of 
which is occupied, a large part of it by a roof covering an engine-room 
with a turbine underneath which looks like а mouse in a house. Still, 
that roof is very fine to look at. But when onc considers the revenue 
of 14 million pounds, it works out at £84 per kilowatt of load, whereas 
we are thankful to get £13 per kilowatt of load. Т do not think it is 
surprising that, with an output of 9r million units and а 50 per cent. 
load factor, the author obtains the results he mentions in his paper, and 
we can look forward in years to come to seeing record results under 
such favourable circumstances. | 

Мг. B. M. JENKIN : I wish the author had told us of some more of 
the difficulties he had had and how he overcame them. I think he 
only mentions two of them—namely, the engine pistons and the 
windings of the motor-generators. With reference to the latter, I think 
the arrangement of the winding is of very great importance. I think 
that besides putting on additional insulation and arranging the windings 
SO as to give the minimum difference of voltage between the turns, one 
might consider whether it is not worth while trying to prevent the 
machines being subjected to the great shock that undoubtedly occurs 
when switching them on. The author mentions that he has tried to 
ascertain the pressure across the end-turns by means of the oscillograph, 
with the result that he does not find any excessive pressure occurring. 
That rather confirms some experiments that we made at one time with 
Mr. Duddell’s help, the oscillograph failing to show any particular rise 
of pressure, although we got sparking over from spark-gaps, showing 
that we certainly did get a very big rise of pressure, something like 
twice the normal, whereas it appeared as quite an insignificant rise on 
the oscillograph. It seems to me that if this sparking over occurs in 
a spark-gap the pressure must also be great enough to spark through 
insulation, and that ina way spark gapsare a surer test of the presence of 
the excessive pressure than the oscillograph. I see the author is putting 
choke coils in series with his machines to try and reduce the pressure. 
We have frequently used an ordinary charging apparatus or a Ferranti 
water resistance, and in that way it is possible to avoid putting an 
excessive pressure on the windings at the moment of switching оп. It 
is only at that moment that the machine is subjected to this pressure ; 
but in this case, as in others, prevention is better than cure. When 
there is the chance of water-hammer in a steam pipe, one does not go 
to the expense of strengthening the steam pipe; one prevents the 
water-hammer by removing the water in time. 

I should be glad if the author would say something more about his 
actual experience of the comparative merits of the different types of 
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motor-generators. He has, I notice, synchronous motors, squirrel-cage 
and other induction motors, and rotary converters. I gather he has 
adopted induction machines chiefly on account of their simplicity. He 
does not say anything about their comparative efficiency beyond giving 
a general figure of 9o per cent., and he also does not mention the power 
factor. If he has the figures, it would be interesting to know how sub- 
stations working with the synchronous machines сотраге in over-all 
efficiency throughout the day with those with induction motors and 
rotary converters, and also what is the general power factor during 
the dav. Опе feels that, with such a large number of induction motors, 
he must be loading up his plant with a large, useless current. Another 
point of interest in sub-stations of this sort is the extent to which it is 
found possible to use the overload capacity of the motor-generators. 
That makes a very large difference in the efficiency of sub-stations. 
We have found on some of the railway sub-stations that we get 
momentary overloads of perhaps 30 per cent. оп the motor-gencrators, 
and even more at times ; and if the plant will take those momentary 
overloads satisfactorily just at the peaks, there will be a very much 
better average load on the machines and a very much higher efficiency. 
One would like to know how far the author has bcen able to adopt that 
method for working his machines at the sub-stations. 

Мг. MARTIN Е. Roperts: I should like to commence the few 
remarks I have to make by complimenting the London County Council 
on the very able engineer they have had to design this station for them, 
and I think we cannot but all feel proud of having such an admirable 
station in London, А усаг or two ago I had an exceptional opportunity 
of visiting Continental stations, and I am quite sure that Mr. Rider's 
station will bear comparison with any station on the Continent, and 
that a great many of the best stations оп the Continent will not bear 
comparison with Mr. Rider's. Where a station of such very large 
capacity has to be designed, an engineer, although he may have excep- 
tional difficulties, also has exceptional opportunities. Many of the 
fcatures of the London County Council station, and the means arrived 
at to overcome the difficulties, would not be applicable in smaller 
stations. Therefore, I think to a certain extent we may look upon the 
author's arrangements as exceptional. One of the features in which 
the author's station may be said to be ahead of Continental stations gene- 
rally is the admirable plan he has for coal conveying. With the exception 
of Germany, I think we may say that, even where coal is used on the 
Continent, the coal-conveying plant is not equal to that in England. I 
should like to mention, with respect to the coal-conveying plant, that 
it appears rather a dangerous plan to have a live rail at 550 volts on a 
pier, where, I suppose, sailors and others will land from ships during 
the daytime, who will not be acquainted with the nature of the rail, 
and may come in contact with it. That is a possible risk. Another 
point in connection with the coal-conveying plant to which I should 
like to refer isthat the method of preventing the coal conveyor running 
backwards, which is said to have been designed by Messrs. Spencer 
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& Co. is not quite novel. А similar arrangement was designed by me 
for continuous lifts, and has bcen in use for twelve ycars at the Mount 
Pleasant Parcel Office. That continuous lift is practically equivalent 
to a coal conveyor in design, as it ascends one side and descends the 
other, and we adopted exactly the same plan of making thc links jam 
in a pair of runners to prevent accidents due to chain breakage. I 
think the author's work in connection with water pipes might be called 
pioneer work, because, although he had such admirable assistance from 
Messrs. Bailey & Jackson, the conditions at Greenwich were some- 
what exceptional. I do not think the head of water to which Mr. 
Bailey referred is entirely due to the size of the pipes, as suggested 
by Mr. Bailey. Mr. Rider has becn kind enough to give me particulars 
as to how that head is arrived at, and from those figures—which, 
unfortunately, I have not with me—I did not form the opinion that it 
could be avoided by using larger pipes. In connection with the question 
of water pipes, I should like the author to give us a little further infor- 
mation as to whether he finds the baromctric pipe is really of any 
assistance. Is it ever necessary to use it, and, if it is used, how often 
isitused? There is another point on which I scarcely agree with Mr. 
Bailey, if I may refer to the remarks that gentleman made, and that is 
his statement that the 15 per cent. of the water passing through the 
strainer which is pumped to waste becomes a very small item when 
such a large quantity of water has to be dealt with. I should have 
thought that, as it is a percentage, the larger the quantity of water thc 
more serious the loss became. Everybody recognises the excellent 
work Messrs. Bailey & Jackson have done with their strainer ; but it 
has one serious disadvantage, which they will no doubt admit, and 
that is, that it cannot be placed outside the pump, and consequently 
does not protect it. It seems to me that to have a strainer outside the 
pump is a very distinct advantage. The reason the rotary strainer is 
not put outside the pump is because of the large amount of mixing of 
the suction and discharge water which takes place in the strainer. If 
it were outside the pump, instead of 15 per cent. of the cold water 
being pumped to waste, 15 per cent. of the hot water would be pumped 
back into the condensers, and the vacuum would suffer. Leaving the 
question of water, there is an important matter on which I hope the 
author will give some information at the next meeting, and that is, 
as to the relative economy of turbines and reciprocating engines. It is 
true he tells us in the paper he has not made the official tests, but we 
read on page 256 that the engines are stated to require 10:88 lbs. of 
water per kilowatt per hour at full load, and the turbines are guaranteed 
not to exceed 15 Ibs. Мг. Rider says that he has studied reliability of 
working and an absence of breakdown rather than very great stcam 
economy with turbines, on which point I quite agree with him, and I 
assume that 15 15. is the figure which one can rely on rcaching. Соп- 
sequently it would rather appear that the turbines are expected to be 
more economical than the engines, although Mr. Bailey has suggested 
that the engines may be at work long after the turbines have been 
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Mr. Roberts. changed. Taking the figure at 15 Ibs. against 16:88 for reciprocating 
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engines, I think there was a very distinct reason, apart from the question 
of first cost, why the author should choose turbines, and possibly he 
can tell us whether he has found, when the turbines are working in 
place of reciprocating engines, there is any change in his coal con- 
sumption. I imagine he can give us some information on that point 
without waiting for the official tests of the plant. The reason I ask 
the question is because we are so often told that although better stcam 
economy may be obtained with large turbines, yct taking into considera- 
tion the much larger quantity of condensing water required to obtain 
the better vacuum to get that result there is really no economy in 
turbines. If the author can give us a little information on that point, 
cven without giving us the result of the official tests, we shall be very 
much obliged to him. 


ADJOURNED DISCUSSION, APRIL I, 1909. 


The PRESIDENT: We have to-day the pleasure of sceing Mr. Rider, 
who could not be present last weck. 

Mr. S. Z. ре FERRANTI : When the author undertook the work of 
supplying the London tramways with electrical power for the County 
Council, he found that the County Council had already made contracts, 
and had commenced the work of installing what was to be, I believe, 
their principal generating station in a place which we can now hardly 
consider as suitable. It was a place to which coal had to be brought 
by railway, there was a considerable population round about, there 
wcre many houses close to it, and it was almost impossible to work 
condensing, because of the steam given off by evaporative condensers. 
The author was able to alter the arrangements of the County Council, 
and to persuade them that what they were doing was not the right thing. 
In my opinion that was a great achievement on the part of Mr. Rider, 
and the commencement of a very successful installation. With regard 
to the work to be accomplished in a power generating station of this 
kind, there are a large number of difficulties to be overcome in relation 
to giving the best possible result for the amount of money spent in 
capital outlay, and upon the running of the plant for the production of 
the current. Although we are clectrical engineers it is interesting to 
see how much we are concerned with problems that аге strictly outside 
electrical engineering. In looking through the paper with a view to criti- 
cising it, I gather that there is great improvement to be made in a few 
directions, I do not see many directions in which improvements can 
be made upon the electrical side. Тһе only thing that I would suggest 
for the consideration of those now at work upon these problems is that 
there is a great opening for the more economical transformation of 
electricity at sub-stations. Looking over the whole electrical system, I 
do not see that we are likely in the future to get anything very much 
better than the present systems of electrical supply, unless it be in the 
transformation of high-tension alternating current into continuous 
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current where it is wanted as such. Му reason for saying this is that 
the efficiencies everywhere аге so high. We аге getting so near to 
100 per cent. in all these electrical efficiencies that with that one 
exception there is not much prospect of getting better results. But in 
transforming the coal into mechanical power for produciug the 
electricity we have a very different state of things. Тһе lessening of 
running expenses is, I think, the great problem of the future. The 
electrical problem has only been with us for the last thirty years, 
whereas one hundred усагз or more have passed since people seriously 
went to work to improve the economy with which coal could be 
converted into power. Тһе problem to be solved is that of getting 
nearer to the efficiency obtained in electrical generation and transfor- 
mation. Тһе conversion of coal into mechanical power is donc at a 
very low efficiency ; and notwithstanding improvements in gas and oil 
engines, we still find it is necessary, with the knowledge we possess to- 
day, to generate the bulk of our big powers by means of steam. There 
are many reasons for this which I must not go into to-night. There is 
an immense opportunity for improvement in the primary part of the 
business of generating electricity, namely in making the power cheaply. 
In the paper you will see that one part of the transformation has been 
performed very economically. Тһе author gives the efficiency of his 
boilers on test at practically 79 per cent. I find, however, on looking 
into the figures, that his gases are going away from the boilers at a not 
unreasonable temperature, and that they go to economisers. When 
you take the process of converting the hcat units in the coal into 
steam, you find that the work done in the economisers the efficiency of 
the conversion system is not 79 per cent., but that it is nearly 87 per 
cent., this proportion of the energy of the coal appearing in the steam 
generated. I would like to emphasise this as a very fine result, and 
one not unknown in stcam practice. The engines give the very good 
figure of 16 lbs. of steam per kilowatt produced. The turbines are 
possibly giving a little more than this. An interesting thing to notice 
here is that, taking these tests together, they give a coal consumption 
of about 2 Ibs. per kilowatt, or slightly over. In the station, running 
for a period of twelve months, however, the coal consumption is at the 
rate of 3'1 lbs. per kilowatt. You will thus see that the difference 
between running on test and running with even so good a load factor 
as 47 per cent. means adding 50 per cent. to the coal bill. This latter 
is the principal item in the costs, and if the standby loss could be 
elininated the figures would be very much better. Of course this 
is not wholly possible, but it is the direction in which improvement 
can be made. Тһе standby losses in the case referred to amount to 
about £21,000 sterling per annum for coal—that is to say the difference 
between what it would be if you could generate on the test figures and 
what it is if you generate on the figures of ordinary every-day work. 
One of the great merits of the oil engine, for example, is that it 
practically has no standby losses. Аз I have told you before, the 
application of the oil engine is very limited in comparison with steam, 
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for very good reasons, but still it is not a physically impossible thing 
to bring down very considerably this difference between the test 
expenditure and the every-day expenditure. 

There is one other point to which I should like to call attention, 
although I forget how far the author emphasises it. I noticed the 
point, I think, in connection with опе of the latest specifications, namely, 
that it was not so important to have the very highest economy as it was 
to have the highest reliability. There can be no question that absolute 
reliability is necessary. The reliability must be as perfect as it is 
possible to make it, but I cannot say that I altogether agrec that 
reliability should be attained by the sacrifice of the highest economy. 
It there is any sacrifice it means a defect in the design due to our 
present want of knowledge, and no doubt that will disappear in time 
with experience; and then perhaps we shall call for the highest 
econony, knowing that engincers will have nothing to do with anything 
that is not perfectly reliable. 

I should like to say a few words upon one other point, the question 
of the cost of plant in relation to the cost of buildings. I should hke— 
you may say I am a contractor and that therefore it is to my interests 
that I should do so—I should like to have seen less spent on buildings 
if it had been possible, and even more spent upon machinery if two 
things could have been accomplished : (1) if a higher economy could 
have been obtained as the result of spending rather more in first cost 
and so spending less annually, which would mean a considerable saving 
in capital; and (2) giving the contractors a greater profit, so that they 
should be in a position to do what is now done so much abroad, 
namely to have large funds available for developing future business, 
for the purpose of carrying out experimental work to produce more 
efficient machinery, which in its turn means more electricity, which is 
what we all want. But the position with regard to this condition of 
affairs is hardly satisfactory. Ц is very difficult for manufacturing 
concerns in this country to devote much money to improving their 
product. In this way the country is apt to lag behind, and improve- 
ments in machinery are liable to come from other countries, when we 
ought to be making thent ourselves. I think this state of affairs is very 
much to be deplored. I am sure we should all be glad if in specifying 
for machinery it could be done upon the basis of the best possible 
machine rather than trying to get all the manufacturers іп one fixed 
groove where they can produce a standard article and everybody can 
compete with everybody else. I should advocate the principle of 
machinery being purchased upon the basis of excellence rather than 
upon that of lowest price. 

In conclusion, | would say that one very pleasing thing shown in 
the paper is that Mr. Rider has obtained such a fair coal contract. ! 
think it is one of the most cheerful signs with regard to municipal 
trading that I have seen, that a contract has been made in which the 
contractor is absolutely on an equality with the people who are buying 
from him. 
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Мг. Косек T. SMITH : The author in his paper speaks of the change 
of site from Camberwell to Greenwich, and justifies this change for 
two reasons: first, that his coal is cheaper, and secondly, that he 
avoids annoyance to the neighbourhood from the presence of cooling 
towers. Dealing with the last reason first, I should like to ask the 
author if he considers that that in itself would be sufficient to have 
justified the change ; and then I wish to discuss the question of cheap 
coal. On page 237 it is stated : “Тһе whole of the coal (some 150,000 
tons per annum) would have to be brought by rail, and the ashes 
removed by the same means. Taking the difference in freight between 
rail-borne and water-borne coal as 3s. per ton, the extra carriage alone 
would be £22,500 per annum over а river site.” It is the alleged extra 
cost of 3s. per ton of rail-borne over sea-borne coal on which I join 
issue with the author. For boiler furnaces using chain-grate stokers at 
present bituminous coal is necessary—that is to say, a coal having at 
least 25 per cent. of volatile matter. Тһе natural bituminous coalfield 
for generating stations south of the Thames is, in my view, the Midland 
coalfield of Staffordshire, Warwickshire, and South Derbyshire. All 
sca-borne coal is partly rail-borne, and its cheap carriage must largely 
depend upon the relative distance it is carried by rail and by sea. If it 
is partly carried by rail, it must be handled at least twice and somctimes 
three times before it reaches the bunkers. For a generating station 
like Greenwich on the Thames it is possible at the present time to get 
coal from such a port as Goole in South Yorkshire that fulfils the con- 
ditions required for chain-grate stokers, апа as far as Гат aware the 
only other possible ports are in the Firth of Forth, from which the 
author at present gets his coal. In the admirable specification for 
coal, which has been already referred to, the author states that his coal 
when dry gives 12,500 B.Th.U. per |ђ., and one gathers from its success 
from the contractor’s point of view that this value is nearly always 
equalled, if not exceeded. On page 272 it is stated that for last year’s 
results part of the price was 14s. 5d. а ton, and part of the price was 
115. a ton delivered into the outside bunkers. 

Mr. Riper: No : in ship, alongside. 

Mr. Rocer 5мітн: That involves a slight extra cost, which is of 
little importance. Тһе freight to an ordinary trader from а place like 
Nuneaton in the Midland district —I take Nuncaton because it is about 
the centre of that districi—to the existing coal depot on the South- 
Eastern and Chatham Railway, just by the proposed Camberwell site, 
is 6s. ба. per ton. For large quantities that price would be reduced 
to6s. When coal was dear last year, at my station at Park Royal I 
obtained coal, of a calorific value when dry of 13,230 D. Th.U., at 75. 1034. 
delivered into wagons at the pit near Nuneaton. That coal could 
therefore have been delivered over outside bunkers at Camberwell for 
145. 44d., if no special rate was given for a large quantity, and for 
135. 104d. at а special rate. That cost probably corresponds with Mr. 
Rider's figure of 14s. 5d. When coal was cheap at the end of 1908 I 
obtained exactly the same coal at Park Royal at a cost of 5s. 434. per 
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ton delivered into wagons at the pit. That could have been delivered 
over bunkers at Camberwell, taking the special rate at 6s. per ton, at 
115. 44d., corresponding to Mr. Rider's price of 115. I think it is there- 
fore quite clear that coal having a heating value about 750 B.Th.U. 
higher than the coal that is now being delivered at Greenwich could 
have been delivered by rail over bunkers at Camberwell from the 
Midlands for the same price that Mr. Rider is now getting it alongside, 
and not for 3s. more, which he suggests would be necessary. | feel 
this is a matter of some importance, because it seems to be considered 
by many people as a fact that if you want cheap coal you must have 
the coal sea borne, and have a station by a river. Ihope I have shown 
that that need not always be the case. But this is not all. If I read 
the paper aright, the author suggests that it is a disadvantage that the 
ashes should have to be removed Бу rail. One can judge this best by 
actual results. Park Royal is a station designed by Messrs. Kennedy 
& Jenkin on very much the same lines, as far as the method of 
dclivery of coal and its general coaling facilities are concerned, as the 
original station designed for Camberwell. At Park Royal I am using 
to-day Midland coal having an average calorific value of 15,250 B.Th.U., 
which is costing 5s. 44d. per ton delivered into wagons at the pit. А 
portion of that freight is over my own railway, but that makes no 
ditference—I am charged 55. 3d. per ton for freight; anybody could 
get it at 5s. 64., and anybody who requires а considerable quantity 
could get it at 5s. 34. The cost of delivering from alongside into the 
outside bunkers, I believe I am right in saying, is about a penny per ton 
at Greenwich. 

Mr. RIDER: Twopence a ton into the inside bunkers. 

Мг. RoGER ӛмітн: It may perhaps be а halfpenny more or less. 
The cost, taken over the whole of last year, of delivering each ton о! 
coal from the wagons into the outside bunkers at Park Royal was з; of 
а penny.” The ashes are conveyed into a hopper, from whence they 
shoot into wagons and аге hauled direct to brickfields, where they fetch 
a price of a little more than 1s. a ton. This price is just sufficient to 
pay all the capital and maintenance charges on tbe whole of the special 
coal and ash hopper wagons employcd in the Park Royal service, and 
lcave a trifle over. Such a result can only be obtained if ashes can be 
delivered by rail, unless there happened by chance to be a sale for 
ashes so close to the station that the cost of carting is insignificant, 
while if they have to be barged and then unloaded this would probably 
more than equal the value of the ashes. I hope I have shown that 2 
Midland coal which is wholly rail-borne costs at Park Коуа| to-day 
IOs. 744. per ton delivered over bunkers, including the handling of all 
the ashes, and all capital and maintenance charges on the coal and ash 
wagons, as against 115. at Greenwich. Тһе calorific value of the Park 
Royal coal is just a little better than the calorific value of the Greenwich 

* In the discussion this was wrongly stated to be ,!; of a penny. This is the cost 


not per ton, but per kilowatt-hour, delivered to sub-stations, of delivering coal from 
wagons into the inside bunkers and removing the ashes into wagons. 
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coal, but comparing coal costs it must be remembered that Mr. Rider's 
sets are 3,500 k.w. each, while those at Park Royal are only 750 k.w. 
The author's maximum load last year was 16,000 k.w. ; at Park Royal 
it was 4,000 k.w. Theauthor's annual output was 66,000,000 k.w.-hours ; 
at Park Royal the output was 14,000,000 k.w.-hours. Тһе Greenwich 
costs for coal during 1908 arc 02327d. per kilowatt-hour, delivered to 
sub-stations. There is an objection to giving the costs at Park Royal 
for the whole of last усаг because the engines were still in the hands 
of the contractors, and everybody knows that an engine is not much 
good until it is paid for. But during the last two months of this 
present year, during which coal was wholly ros. 74d. per ton ‘over 
bunkers, my coal and ashes costs were о`19594. per kilowatt-hour 
generated, and o'2181d. per kilowatt-hour delivered to sub-stations, 
with a machine load factor of 79 per cent. I do not wish to put forward 
these particular figures for the last two months in comparison with 
Mr. Rider's figures for the whole of last year. Probably Mr. Rider's 
costs for the same two months may be appreciably less than they 
were for the average of last усаг. The point I wish to make is that for 
a station used for both lighting and traction purposes, containing sets 
of small size and employing cooling towers, the coal costs with rail- 
borne coal are quite equal to coal costs with sea-borne coal in a much 
larger riverside station with an equal or better machine load factor. 
Since actual results have been quoted it may be as well to point out 
that in any comparison between a cooling-tower station and a riverside 
station, the former's coal costs ought to be debited with the cost of the 
make-up circulating water. Owing to the failure of the well sunk at 
Park Royal water costs are for the present exceptionally high, and the 
cost per kilowatt-hour of the make-up cooling water for the two last 
months has been оооба. Тһе cost of circulating over cooling towers 
is probably rather less than the cost of pumping from the Thames 
through the revolving screen, but assuming the pumping costs to be the 
same, the Park Royal comparative coal cost should be o'2241d. delivered 
to sub-stations, instead of 0°2181d. exclusive of make-up water. 

Mr. C. P. SPARKS : I think London is to be congratulated on one 
fact brought out in the paper. Мг. Rider does not actually tell us so in 
so many words, but I gather from the paper that the whole of this 
great plant is of British manufacture. It is not every corporation in 
England that is so public-spirited as the London County Council, and 
I hope the example sct to English municipalities will be followed, 
because it is clear from the figures before us that London has not 
suffered by placing the contracts in this country. On the contrary, I 
believe this is one of the finest examples of power station work in 
the world, carried out at the same time for a reasonable expenditure, 
having regard to the class of plant erected at Greenwich. I agree 
entirely with the remarks of Mr. Ferranti on the subject of the site of 
this power station. There are few men who have the opportunity of 
selecting the site of a power station for such a great undertaking, and I 
fecl the author is one of the few men coming on the scenes, not at the 
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very inception of the scheme, but at a late period, who would have been 
bold enough to have gone in for this river site. Despite the remarks 
of the previous speaker, I feel that Mr. Rider has hall-marked himself 
as an cngineer in sclecting this down-river site at Greenwich, as the 
ultimate size of the tramway undertaking would not warrant the supply 
being subdivided between two stations. The paper is very ample, but 
there are one or two points as to which I should like further informa- 
tion. First, with regard to the choice of a system, we have here a 
25-cycle system and a pressure of about 6,600 volts. Personally, I 
should have thought for this large area a higher pressure than 6,600 
volts, would have been economical. There may have been good reasons 
that are not before me for not adopting a higher pressure, but I should 
like to ask the author what justification he has for adopting this com- 
paratively low pressure. In my opinion, London, large as it is, is 
bound to expand, and the London tramway system with it. Next, I 
should like to mention the coal clause which is given on page 241. 
I think that is a very admirable and fair clause to both parties, and I 
understand it has worked satisfactorily. Possibly one part of the 
clause has not come into operation, namely Section (4): “ The Council, 
however, has the right to reject the whole cargo if the moisture exceed 
I3 per cent. by weight." In working clauses of this kind it is always 
a difficult thing to reject, because you cannot test the coal until it has 
been unloaded. "The demurrage on a consignment is heavy, and it is 
necessary to begin unloading promptly. 1t appears that for penal 
clauses to be really effective a money compensation should be given, 
because power to reject, once the coal is in the bunker, is пеайу 
impossible. On page 257 the author refers to turbines. “ Turbines 
have been adopted for the remainder of the station, but not for any 
reason connected with the performance of the reciprocating sets. 
Conditions of output, space, and price were the only determining 
factors." I think there are other determining factors, and in another 
vear perhaps the author will tell us that coal, labour, oil, апа repairs 
were really determining factors in addition to those given in the paper. 

With regard to the reciprocating plant, I think 94 revolutions is too 
high a speed for Corliss valve gear with units of this size, and will wear 
out quickly. Having had some experience with turbines, it is my 
opinion, contrary to that of another speaker, that the turbines will бе 
there long after the reciprocating plants have been parted with. 

Turning to clectrical matters, the author refers to reverse-current 
relays and the earthing of the system. With regard to the first, Mr. 
Rider only gives a suggestion, but I must say I am in hearty agreement 
with him. The question of reverse-power relays is one of the most 
difficult problems that central station engineers have to deal with. 
Mr. Rider says on page 260, “ Reverse-current relays are fitted on the 
generator circuits and time-limit overload rclays on the feeder circuits. 
Experience with the reverse relays has almost converted the author to 
the opinion that the generators should have no tripping relays of any 
kind whatever." 
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Mr. RIDER: May I say that the word “almost” should now be 
* quite." 

Mr. SPARKS: I am in hearty agreement with the author of the paper 
on that point. With regard to the earthing system, I think we are very 
much indebted to the author for pointing out a solution to a most 
difficult problem. My whole experience has been in working with 
systems connected to earth. When a number of 3-phase generators 
are worked in parallel the difficulty of eartbing the system is great, and 
I think the author is the first person to point out the proper solution of 
the difficulty. I should like some further information as to the diversity 
factor given on page 291. Тһе author does not tell us how it is measured, 
which is all-important. He simply says, “Тһе diversity factor of the 
sub-stations, f.e., the ratio of the sum of the maximum loads on the 
individual sub-stations to the maximum load on the generating station, 
in any one day is about 1°25 in." Is that the hourly demand in units at 
the sub.station, or is it only the instantaneous demand? If it is the 
latter, it is easily met by the overload capacity of the converting 
machinery ; while small momentary fluctuations at a number of sub- 
stations would not affect the power station. 

А direct comparison with the costs of other undertakings would be 
possible if the author would give some additional information as to the 
capital cost on mains and sub-stations, together with the cost of work- 
ing sub-stations and efficiency of conversion. Tables IV. and V. give 
full information as to the capital and working costs of the station, but 
the costs here set out are not comparable with those of other under- 
takings, where the costs per unit include costs of distribution and 
conversion. Аз this information would considerably add to the value 
of the paper, I hope the author will be able to give it in his reply. 


Мг. С. №, PARTRIDGE: I am very glad that Mr. Sparks agrees with М 


me in the great objection to reverse-current relays on generators, and 
also to hear that Mr. Rider is himself now “quite converted” to the 
fact that they are absolutely wrong. When I have been at other 
generating stations I have nearly always found that these relays are 
tied up with string or wedged up with pieces of wood so that they 
cannot come into operation. It has always been my contention that 
the control of a generator should be in the hands of the switchman 
only. 

As regards the earth. current from the neutral point of the star 
winding of the generators, referred to on page 261, Гап rather inclined 
to think that this has something to do with the particular design of 
generator, and does not always exist. There are a great many gene- 
rating stations, 3-phase, 25, and 33 periods, which have their neutral 
points all connected up solid. I have four 3-phase machines at Dept- 
ford, and we have no trouble at all in this particular direction. I 
should like to know what the author's experience is with his turbine 
sets—i.e., if he gets the same flow of current from the neutral points of 
these generators as with the reciprocating plant. On page 265 I notice 
the author says he drives the centrifugal pumps in connection with the 
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condensing scheme by means of 3-phase motors ; I cannot help think- 
ing that this is a mistake and very uneconomical. I think that these 
centrifugal pumps should be driven with direct-current motors, so that 
the speed of these pumps may be altered if required. Owing to the 
use of commutation poles direct-current motors with a range of speed 
of three to one may be purchased and run at high efficiency at all 
speeds. I cannot therefore help thinking that the use of 3-phase 
motors for driving these pumps must cause a great amount of loss in 
Ше svstem. There is another important objection to these 3-phase 
motors, namely, that in the case of loss of steam or sudden overloads 
on the station which reduce the speed of the generators, the periodicity 
and зреса of the pumps will fall at the time the author wants most of 
his circulating water and the best vacuum. When turbines are in use 
the author will find this trouble even more exaggerated, owing to the 
very high vacuum required for this tvpe of plant. 

Тће rush of current when switching on induction motors, which the 
author refers to on page 274, is an old trouble, and one of which I have, 
unfortunately, a considerable amount of experience. In the old days 
when we switched the Ferranti transformers оп to the 10,000-volt 
system we had these rushes of current and failures at the ends of the 
coils in exactly the same way that Mr. Rider has pointed out. Ме got 
over the trouble in the case of the converters by always switching оп 
the low-tension coil of the transformer first ; and I came to the conclu- 
sion that these rushes of current depended more or less on the way in 
which the iron of the transformer had been left magnetised the last 
time it had been switched ой, and at what particular point of the phase 
the connection was again made, as the rush of current used to vary 
considerably. Some four or five ycars ago we had exactly the same 
experience in switching some 250-k.w. induction motors to our lighting 
system. The whole difficulty was got over by the use of water resist- 
ances. We tried induction coils but found them unsatisfactory. Since 
then I am given to understand that several makers use these water 
resistances in connection with their apparatus. I can mention two or 
three firms who have got out a standard design for this particular 
apparatus, and I am rather surprised that Mr. Rider's contractors when 
they supplied these induction motors did not mention the trouble to 
him, or at least offer to supply some sort of resistances for preventing 
these disturbances and failures of insulation of which he complains. 

I should also like to ask why the author has not used more rotary 
converters instead of using so many motor-generators, as his periodicity 
is such a low onc. It would, in my opinion, have saved a considerable 
amount of capital outlay in the first instance, and improved the 
efficiency of the system. There are many large railway companies 
in London who are using rotary converters with satisfactory results. 
Moreover, I bclicve rotaries are used in many places not only for power 
but also for lighting systems. 

Mr. Rider has been kind enough to mention my name in the paper. 
I can only say it has given me very great pleasure to have been of any 


1909. ] COUNTY COUNCIL TRAMWAYS : DISCUSSION. 309 


assistance to him in connection with the undertaking, and I must con- M 


gratulate the author on his most excellent paper and the interesting 
results he has given us. 

Mr. Ковект HAMMOND : Опе of the most important pieces of work 
of our Institution is to include in the Journal from time to time 
descriptions of the foremost specimens of engineering work, which 
years hence will be read with the greatest pleasure. From this 
point of view Mr. Rider's paper is particularly opportune, because it 
gives us a description of works which have been described as the pass- 
ing of the reciprocating engine. We аге all having this experience. I 
was busy in Leeds last week in testing duplicate turbine sets of those 
which Mr. Rider has at Greenwich. I hope when the author has tested 
these two new sets he will favour this Institution with the records. Apart 
from that, however, the paper has one ог two features that appeal to 
me, and I am sure they appeal to you. One of the most important 
sentences of the paper is, “А reputation for absolute continuity of 
supply is worth a great many pounds of coal per annum.” "There, I 
think, we have the true spirit of the enginecr. We want absolute con- 
tinuity of supply, and that, I believe, has been secured at Greenwich. 

Possibly the author in his reply will tell us whether they have ever 
broken down at Greenwich, and if so, why ; whether he has been able 
to fully attain what he set himself to attain. But the engineer has 
another point to bear іп mind. Not only does he want to secure absolute 
continuity of clectrical supply, but his lords and masters want him to 
obtain it at the lowest possible cost. That invests the table on page 271 of 
the paper with the greatest interest, and it is a point on that that causes 
me to spcak when I had thought that, as I have done so much talking 
at this Institution, I would leave it to others. But the remarks of Mr. 
Roger Smith cause me to break the silence which I had decided to 
adopt to-night. Most of the gentlemen present, including Mr. Roger 
Smith, because he was in and out of the Committec-rooms, know that 
last year, the year before, and the ycar before that, it was my lot as a 
colleague of the author's to uphold the principle of riverside generating 
stations. Many of you remember that we were for thirty-one days 
before Lord Cromer’s Committee, and the burden of the whole argu- 
ment was that riverside stations were absolutcly necessary to obtain 
cheap gencration; and yet we have our friend, Mr. Roger Smith, 
getting up and saying that, on the whole, Mr. Rider made a great 
mistake when he forsook Camberwell and went to Greenwich, 

There is one point to which I would like to draw Mr. Roger Smith’s 
attention. 115 that he has contented himself by describing how cheaply 
coal could be obtained at certain times at certain places, but he did not 
enter into the condensing part of the problem at all. We do not want 
these gencrating stations in the centre of London. Surely stations 
must be placed where condensation can be carricd out cheaply and 
efficicntly. A plea for a station at Camberwell of 16,000 k.w., growing 
gradually to 30,000 k.w., is certainly not one that we can support at 
this Institution. If there be one thing that the last few years have 
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taught us, it is that stations situated on a river site, with cheap coal and 
water available, afford the cheapest possible methods of generating elec- 
tricity. With regard to that problem, I believe I am right in saying 
that on the Rand (to go a long way off) a Company under the name of 
the Victoria Falls Company has decided to lay down their generating 
works some 39 miles from Johannesburg. That Victoria Falls Company 
is developing on the lines of laying down steam-driven stations. The 
output is expected to reach 500,000,000 units per annum. The pro- 
spectus for the extensions will comeout to-morrow morning. I am not 
here to advertise it, or persuade anybody to put their money into it ; but 
it will be found that, in the endeavour to hit upon the proper site, they 
have decided to lay down the works some 39 miles from Johannesburg, 
at Vereeniging, where coal and water are available almost side by side 
at a riverside station. I hope what Mr. Roger Smith has said will not 
be taken throughout the world as representing the opinions of this 
Institution—that we would rather, on the whole, have coal brought by 
rail and delivered into the heart of London. If Mr. Roger Smith is 
right, that we do not want river-borne coal, and that we are to put our 
stations up in inland places and deliver the coal to tbem there, how is 
it that a glance through the list in the Electrical Times shows that the 
places where river-borne coal is used have an advantage over the 
others? Take Hackncy, the cheapest station, as it happens, in London. 
Some of my friends smile, and think that Hackney owes the fact that it 
has cheap coal (о ће circumstance that I put up the works. Let me tell 
them that Hackney's low coal cost is due to a combination of circum- 
stances, and one of the principal is that it usesriver-borne coal. I would 
also like to draw attention to two other points. I draw your attention to 
the excellent results which the author has achieved, as set out on page 
271 of his paper, namely, 0°3311d. per unit delivered to sub-stations, equal 
to about о, or possibly a little more than 0'3, at the generating 
station. If you search the records of the country, and if you зеагсћ, as 
Mr. Mordey, the President, would say, the records of Germany, you 
will find no place where electricity on that output and load factor is 
being generated so cheaply. My last point is this, and it is a point 
that came up in the excellent speech of our friend Mr. Bailey. To me, 
as one of the older Members of the Institution, and viewing Mr. 
Bailey, from his alertness and freshness, as one of the younger ones, I 
must say it was a great pleasure to me to hear him make his speech. 
But he made one marvellous statement. He said that the rcason for 
the author's low costs was that he had such a splendid revenue, and 
Mr. Bailey actually worked out that Mr. Rider's revenue was about £85 
sterling per kilowatt. £85 per kilowatt! Multiply it up. 16,000 КМ. 
multiplied by £85 comes to over 1,300,000. Has Mr. Rider a revenue 
like that? He has a revenue very much like Mr. Bailey's revenue. 
Mr. Bailey's revenue is £267,159 sterling on a maximum load of 
23,200 k.w. ; Mr. Rider's revenue is about £200,000 оп a total output 
of about 16,000 k.w. Mr. Bailey's revenue is about £11 ros. per kilo- 
watt; the author's is about £12 85. How Mr. Bailey ever got this 285 
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into his mind I do not know, unless upon the supposition that he has 
taken all the pennies that the people pay on the tramways! The 
author's revenue is what he is paid for the electricity delivered to the 
sub-stations or to the tramway motors. Mr. Bailey's revenue is for 
the electricity delivered to a newspaper office, but he does not consider 
the pennies obtained from the 5/апааға and other newspapers as part 
of his revenue. ТЕ he does they do not figure in his balance-sheet. 

I cannot speak to-night on behalf of the Institution, but I am sure I 
shall be voicing the feeling of those present at this mecting when I say 
that we are all of us proud of this piece of work, and we are delighted 
with the paper as а record. I am sure we all stand by Mr. Rider, and 
consider that he was right in moving from the green ficlds of Camber- 
well to the pleasant seaside resort of Greenwich. 

Mr. H. E. O'BRIEN : I should like to join in the general chorus 
of congratulation to the author on his excellent and interesting paper. 
I have only one or two criticisms to make, but a great many questions 
to ask. With regard to the coal specification, I do not know exactly 
what the size of Mr. Rider's coal is, but то per cent. of moisture 
appears a rather high figure. It seems to me to give the contractors 
rather more latitude than one would expect. 

Mr. RIDER: It is washed coal, remember. That is the reason the 
moisture is high. 

Mr. O'BRIEN : I was comparing it with washed coal. The Lancashire 
and Yorkshire Railway Company use washed coal at the Formby station, 
and tests made there do not show that we cver obtain то per cent. 
moisture figure as an average for the ycar. With regard to the 
boiler plant, the total evaporative capacity of the author's boilers is 
828,000 lbs. per hour. The maximum working load that the author 
expects to obtain is 30,000 Км. Adding about 25 per cent. to the 
full-load steam consumption of his engines, which is a very liberal 
allowance for auxiliaries, etc., under full-load conditions, the steam 
consumption will amount to 600,000 165. per hour. It would therefore 
appear that, without forcing the boilers in any way, 25 per cent. of 
them could be laid off for spares and repairs at the maximum load. 

Mr. Riper: That is the idea—to have 25 per cent. 

Mr. O'BRIEN : Considering the extent to which a water-tube boiler 
can be forced if required, it seems to me excessive to have 25 per cent. 
spares in an undertaking of that capacity. I would like to know why 
the bunker capacity was fixed at 11,600 tons; this is equal to four 
wecks' supply at the eventual full load of the station ; with rail-borne 
coal such a reserve would be necessary, but with sea-borne coal the 
bunker capacity seems unnecessarily large. Fewer boilers and smaller 
coal storage room would have reduced the capital cost of the boiler 
house very considerably, The author states that the gases leave the 
boilers at 620° F. and enter the economisers at 500° Е, This seems а 
large drop of temperature, and it would be interesting to know the 
cause of it. I notice the author states that the engines were tested 
with steam at about 450°, but the superheaters give 150° superheat. I 
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would like to know whether he is working with the full superhcat 
on the Corliss engines, and what a difference there is in steam con- 
sumption if the receiver reheaters are not in use. At Formby we are 
now working with steam at a temperature of about 510", and that seems 
to be the extreme limit of the ordinary Corliss valve gear ; that is to 
say, the valves tend sometimes to groan, and without the use of special 
lubricant the engines do not run quite satisfactorily as regards the 
valves. At Formby we have no separators on the steam pipe—at least 
there 15 a separator, but it is a very small one—and I have been quite 
unable to detect any traces of moisture in the steam coming to the 
engines. It would therefore seem that with steam at 1502 superheat 
separators аге ап unnecessary expense, and I would like to know how 
much water Mr. Rider finds is collected in the separators. I thoroughly 
agree with hisremarksasto the advisability of having comparatively large 
clearances with turbines if they are necessary to secure reliability, but 
I think it would be very interesting if the author would tell us what his 
clearances are and what percentage of the diameter they represent, and 
whether they have been measured hot or cold. I have seen many cold 
measurements of clearances in turbines, but I do not know of any figures 
as to what the clearancesare with the turbines when running at their full 
temperature. I would like to know also whether the author has finally 
adopted the impulse turbine because he hopes to obtain more reliability 
due to the large radial clearances of that type, and whether he is 
not afraid of possible loss of efficiency due to blade erosion, and 
whether in ordering turbines he calls for tests after, say, two years’ 
working. 

I have been very interested in what the author said about cross 
currents between the generators. At Formby we have four 1,500-k.w. 
25-cycle alternators running in parallel. I have put ammeters in the 
neutral, and as Mr. Partridge also stated, I have not found any cross 
currents between those engines, but when а 4,000-k.w. turbine is put 
in parallel with the reciprocators then there is a considerable cross 
current, of about 50 атрегез working at 7,500 volts. That has not caused 
any trouble in working. Тһе generator neutrals are all connected 
together and to earth without any resistances. I notice that the 
author's feeders are fitted with time-limit relays. We have heard 
а just condemnation of the reverse-current relays оп the generators, 
and I would like to know what is to be said for the time-limit relay on 
feeders. The time-limit relay seems to me to be in из place on over- 
head bare high-tension feeders, where there is hope of an arc burning 
itself out and clearing itself, but with such cable systems as we have іп 
this country anything that happens on the high-tension system usually 
results in a dead short, and the sooner it is cleared off the better. Іп 
many stations that I have been in I find that, under these circum- 
stances, the time part of the time-limit relay is out of operation. Does 
the author find that the spark-gaps on the feeders serve any useful 
purpose—have they ever been observed to discharge ? 

Finally, I would again express my admiration of the systematic and 
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thorough manner in which the whole undertaking has been planned 
and executed. 

Мг. Н. W. CLOTHIER: I would like to sav а few words on the 
subject of protection. The author's opinion about reverse-current 
relays for generator protection is not quite definite in the paper, but 
1 understand from the remark he has just made that he is now con- 
vinced that reverse-current rclays are a mistake for generator protec- 
поп. Is he quite correct in suggesting no tripping relavs of any kind 
whatever for the protection of alternators? I am prepared to agree 
with him that it is better to have none than to use reverse-current 
relays, but at the same time I think we must have some automatic 
protection. I admit that often a short between phases or even an 
earth on a generator winding will gradually develop smoke, and so 
give the switchboard attendant time to pull the machine out by hand 
before anything serious has happened to the continuity of supply, but 
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occasionally faults occur which cannot be dealt with so easily. Emer- 
gencies happen of such a nature as to call for too much from the 
switchboard attendant. For example, I have seen a turbo-alternator 
which simply burst and flew into hundreds of pieces. Such an acci- 
dent is fortunately very uncommon, but it may occur in any of our 
generating stations, and I suggest that automatic protection would 
be more efficient in dealing with the exigencies of the case than a 
switchboard attendant. 

The solution of this problem is to use the balanced system of pro- 
lection. This system at present has not been very largely applied 
to generator protection, although it is a feasible scheme which can 
he relied upon to cut out a faulty generator by relays acting instan- 
lancously, Thus a serious fault in a power station сап be cleared 
without upsetting any synchronous plant on the system, 

Fig. A illustrates the connections as required for the protection 
of 3-phase star-wound alternator. It will be seen that there are six 
transformers, the secondaries of which are in electrical balance during 
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normal conditions. Тһе balance is also maintained for heavy over- 
loads occasioned by faults external to the generators, but in the event 
of a fault occurring anywhere between the current transformers the 
equilibrium is destroyed and current flows through the electro-magnets 
of the relays, which trip out the switch. 

Reverting to the construction of the switchgear, the author's 
scheme is as sketched— Fig. B. It consists of many ironclad parts 
(those marked A), jointly connected with isolating switches, busbars, 
сіс., through several lengths of cables. Let us sce if it is possible 
to reconstruct the arrangement. Тһе author has started with certain 
ironclad parts, and Е would like to show how the system could be 
simplified by carrying the principle which is so inaugurated through- 


Fic. C.—Ironclad Switchgear 
contains same apparatus 
with greater security. 


Fic. B.—Mr. Rider's 
Arrangement. 


out. It would be necessary to put a slightly different shaped casting 
to contain the current transformers, the cable dividing box being 
attached directly thereto. The busbars would also be enclosed in 
ап iron chamber run іп solid with compound and placed directly 
above the transformer chamber. The whole would be carried оп а 
frame, and a switch in the form of a carriage would plug in and thus 
complete the circuit between the busbars and the current trans 
formers. This rearrangement is illustrated on Fig. С. Ме have 
now got all the provisions for isolating that аге on the author's 
scheme Further, we still have his idea, which is a good one, of 
having the transformers enclosed in a cast-iron chamber, but we have 
also enclosed everything else іп cast iron, including the busbars, and 
we have obtained а switchgear which occupies much less space (with- 
out impairing the insulation or reducing clearances), and is altogether 
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а safer arrangement. We have no concrete partitions, no brickwork, 
no straggling cables in between parts. We have done away with the 
isolating switches, which I contend are a grave source of danger. 

In the brickwork or concrete-cell type of switchgear construction 
it is serious to contemplate that а man may meet his death merely 
by entering the wrong panel. Such fatalities have occurred, and the 
danger is eliminated by a properly developed ironclad construction. 
This (уре is now extensively used, and will, I believe, in some form 
or other, prove to be the switchgear of the future. 

Мг. J. Е. C. SNELL: The author is too old a friend of mine for me 
to attempt а laudation of this monumental work of his, but there are 
one or two salient points which must have struck all of us who have 
read the paper and scen the admirable lantern slides to-night. The 
first is that, although this station was commenced prior to 1901—more 
than eight years ago—there is no evidence of patchwork in the wholc 
of the design, neither in the power house, in the transmission system, 
nor in any of the sub-stations. In other words, it has been a well- 
thought-out scheine from the beginning, and throughout the whole of 
those eight years it has gradually unfolded and developed. Those 
of us who have to design growing stations know what a great difficulty 
it is to be able to foresee the future, and to design our stations upon 
regular lines. I think this system of the London County Council 
which the author has designed and carried out bears pre-eminently 
that mark of being well thought out. Then with regard to the question 
of design, I have been struck by the extreme simplicity of the whole 
system, whether one looks at the pipe-work design or at the switchgear. 
Despite what Mr. Clothier has shown us in that connection, there is an 
element of real simplicity throughout the whole of the station and of 
the sub-stations. Simplicity is the hall-mark of good design. At this 
late hour I must not speak for more than a few minutes Many of my 
points have. been dealt with by other speakers, and I shall therefore 
content myself. with asking one or two further questions, which no 
doubt the author will be able to answer in his reply. One is, “ Why 
did he put the switch cells on the third gallery of the switchboard ? 
Why could they not have been put in the gallery underneath the 
operating boards?" I venture to suggest that had that been done 
a very great length of cable would have been saved without any 
sacrifice of simplicity or power of control. My second point is that 
оп page 273 arrangements are made for 33 per cent. of spare plant in 
motor-generators. Surely that is an excessive amount. I know that 
Mr. Rider always likes to be on the safe side, but I suggest that in thc 
sub-stations, which appear mainly set out to accommodate six sels (five 
working and one spare)—in other words, 20 per cent. spare-——there would 
have been a considerable saving in capital expenditure, and at the 
saine {ипе a sufficient insurance against breakdown in one spare set 
plus the overload capacities of the five other motor-gencrators. Мг. 
Partridge has already asked one question which was in my mind, and 
that is, Why did the author not adopt rotary converters? Why did he 
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adopt induction motor-generators and synchronous motor-generators? 
I suggest to him that not only would he have saved capital expenditure, 
as Mr. Partridge has already pointed out, but he would have saved to 
some extent that initial shock of switching in to which he refers ; but 
more particularly he would have saved in efficiency. Taking the 
average efficiency of his motor-generators at, let us say, 82 рег cent, 
which I think is a fair figure, I am sure he will admit that the static 
transformer and rotary converter on the same average load would give 
а IO per cent. greater efficiency. If one looks at the number of units 
delivered to sub-stations, which are in the neighbourhood of 57 nillion 
units, a very simple calculation shows that practically 6 million units 
would be saved, representing some 7,000 tons of coal, or at the average 
price given by the author, £4,200 per annum. That is а very serious 
figure. No doubt the author will be able to give us admirable reasons 
for adopting motor-gencrators, but in any new design which one had 
to undertake it seems to me that rotary converters, especially at the 
low periodicity very properly adopted in this case, would give better 
economical results than the motor-gencrators which he has installed. 
It is rather interesting to notice in Table V., on page 271, that the actual 
cost with reciprocating engines, 0°33d. per unit delivered to sub- 
stations, is only 23 per cent. in excess of the figure which Mr. Rider 
and others of us estimated to be the cost of the lately proposed power 
station at Barking for the supply of the County of London. Although 
that station was to have given an output nearly four times the present 
output at Greenwich, the author is already within 23 per cent. of the 
very-much-laughed-at figures which we put before the Lords and 
Commons Committees. I think that shows that our figures were not so 
very far wrong. From statistics given in the paper on page 293, the car 
mileage is given as 25,591,028 miles; the units metered— not the units 
delivered to sub-stations, I take it, but the units after conversion— were 
57,000,000, and the units per car-mile are 2:24—the highest figure in the 
three kingdoms. "There must be a reason for that. Of course I know 
that the County Council cars are heavy and very large, and that a 
number of them have magnetic brakes. All that must mean an 
expenditure of energy ; but on the Glasgow system, also а 3-phase 
system with sub-stations, but with rotary converters in most cases and 
probably with smaller cars, the units per car-mile are only 125, a little 
more than half of the expenditure of energy іп the County Council 
system, I should like to ask what is the reason for that very large 
expenditure per car-mile, because it seems to me, compared with what 
the other svstems in the country are doing, to be, if I may use the 
expression, rather an cutragcous figure. Finally, may I ask if the 
author will give us the power factor of the whole of his system ? Не 
has given us very many admirable statistics, but that one item of power 
factor is missing, and it would be of very great use to us if we could 
have that figure added to the statistics in the paper. 
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Mr. М. Н. PATCHELL: Some of us are interested іп this paper М 


entirely from the point of мем of heavy enginecring ; others because 
of the large field covered by the paper ; others, again, possibly because 
they feel that this scheme comes out of their own pockets, and are, 
thercfore, interested in it. Mr. Rider has put before us a most instruc- 
tive table of the clauses which he has called for in the coal contract. 
The point in it that struck me most was that there is no mention of ash. 
Possibly he only intends this contract to apply to a very restricted 
class of coal, in which case the heat value should cover the ash, 
because with coal of one particular kind the heat value could not vary 
widely if the ash varied; but I think the terms would have to be 
altered to make them of general application and value. Dealing with 
the question of coal, I notice that Mr. Rider has gone in for washed 
nuts, and that brings up the question of the chain-grate stoker. I 
remember some years ago burning washed nuts, from which I got very 
high value from Жі. Shortly afterwards Lot's Road was сашррса 
with chain-grate stokers ; Mr. Rider followed with more chain-grate 
stokers, and washed nuts went up to a price at which I could not 
follow them. I therefore had to turn my attention to other classes 
of coal. I think it a great advantage to use the same class of fuel 
throughout a station, but to have a type of plant which so very much 
restricts the type of fuel which can be burnt is a disadvantage, unless 
the power company is also a colliery owner, and produces its own fuel. 
With regard to the question of heating surface, referred to on page 244, 
the author gives in Table П. the heating surface of each boiler. Не 
states that the superhcater is included in the boiler, does the figure 
of 3,320 sq. ft. include the heating surface of the superheater? If not, 
will he tell us what the heating surface is? The size of the boiler 
seems very small in proportion to the size of the power station. When 
I had the pleasure of describing the Bow plant of the Charing Cross 
Company before the Institution some years ago* I showed some 
boilers which were normally rated at 66,000 lbs., and evaporated 
100,000 lbs. of water per hour. Some people thought those boilers 
were too large, but I do not think they are if the size of the works 
be taken into account. In a much smaller installation of 5,000 k.w., 
which I have lately designed, I have put in some boilers which are 
normally rated at 30,000 155. an hour, and have found it a very соп- 
venient and economical size to use. On page 244 Mr. Rider gives us an 
interesting test of one of his boilers. The boiler has 3,320 sq. ft. 
of heating surface, and its efficiency was found to be 7040 per cent. 
The boilers that I have just referred to have 6,209 sq. ft. of heating 
surface. They are Stirling boilers, with McPhail superheaters of 
800 sq. ft. of heating surface, made up as an integral part of the 
boiler. The test on those boilers with dry fuel came out at 80°92 per 
cent.—that is, boiler and superheater combined without an ссопопизег, 


* Fournal of the Institution of Electrical Engineers, vol. 36, p. 72, 1906. 
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so that thc figures are really quite as close to the author's figures as 
could be expected. I do not claim there is any greater thermal effi- 
ciency in the larger boiler, but I do claim greater conveniencc in 
handling, and a very great efficiency and saving in the cost of buildings 
and the cost of land. As the author was using double-compound 
engines, the space (акеп by the engines gave him plenty of room 
to put his boilers down alongside ; but where he is considering a 
turbine proposition the space occupied by the boilers is much more 
important. Тһе larger boiler occupying less ground space scores 
considcrably. 

The question of the water level in London is a very interesting one, 
and it is becoming more important in view of the number of people 
who are putting down their own wells. I am much struck by the statc- 
ment on page 247 that the well will deliver the water practically up to the 
ground level, 5 ft. below the top of the tube. Could Mr. Rider give us a 
reference to show the top of the tube level as compared with Ordnance 
Datum 2 I have operated deep well pumps on that side of the river and 
on the other side of the river at West Ham, and the water level relatively 
is very much lower than the author describes it. I have heard that at 
Greenwich the water stands higher than in London, but with all the 
pumping that is going on I should have thought it would have fallen 
lower than the author indicates. Water finds its level, but it takes time 
to до во. Then I should like to ask, are the Kennedy water meters оп 
the suction or delivery side of the pump? There is a good deal of 
difference in the wear and tear of the meter, and also the accuracy 
with which it will read, depending on whether it is placed on the 
suction or delivery side. The steam separator has a page all to itself. 
Is that justifiable? Ina well laid out plant with steam superhcaters, 
why does ће want so much stcam separation? I congratulate him on 
the design, but I should like to suggest to him that he might have 
applied to this steam separator an indicator, the excursion of which 
would have told him the amount of superheat at a given steam 
pressure. The steam separator for other reasons seems to be rather 
wasted on that plant. On the generating plant there is rather a striking 
difference in the rating of the reciprocating sets and the turbo-alterna- 
tors. I note that he buys his reciprocating sets with a power factor of 
0:94, but the {urbo-gencrator sels have а power factor of 0:85. Why 
the difference? More important still, would he tell us what is the 
power factor on the plant? As Mr. Rider tells us, they are all induc- 
tion motor-gencrators, but what is the power factor at full and at half- 
load, and what can he keep the station power factor up to day by day? 
The question of piston rings has previously given trouble, and I notice 
the author has had а taste of it. I should not have expected that his 
piston. rings would have given out before his Corliss valves did, and I 
am interested to know if he has also had the latter trouble. Не Баз 
not mentioned it. Mr. Rider has been exceedingly candid and honest 
in the paper, and I infer from this that he has had no trouble with his 
Corliss valves, but only with his piston rings. I always shy from 
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Corliss engines on superheat on account of the valves rather than the 
piston rings. The design of the engines is very interesting. I have 
seen the Manhattan engines where they were born, and I was struck 
when I first heard from the author that he was reversing the Manhattan 
method. He has put the low-pressure cylinders horizontal and the 
high-pressure cylinders vertical, whereas in the Manhattan engine it is 
just the opposite. Мг. Rider claims better drainage, and it certainly is 
more natural to put the steam and water in at the top and gct the 
water out at the bottom. In the Inter-Borough station at New York, 
Mr. Stott's station, there are some of the heaviest of the Manhattan 
engines : Mr. Stott told me that he had had no trouble with them ; the 
Manhattan engine builders fear more trouble in putting the big low- 
pressure cylinder horizontal than they get from the water, so they 
put the low-pressure cylinder vertical and keep the smaller high- 
pressure cvlinder horizontal, and their results are equally pleasing. It 
is interesting to note the difference there is in efficiency between the 
two engines, The author gives us а test of a 3,500-k.w. set which took 
1688 165. of steam at 180 Ibs. pressure with 80° Е. superheat. Mr. 
Stott has published a very complete test of one of his 5,000-k.w. scts 
which took 17:05 163. of saturated steam with 150 lbs. pressure. One 
may gencrallv look to larger engines as being slightly more efficient 
than smaller sets. Making the correction for the saturated steam and 
the lower pressure, I find that the 5,000-k.w. set tested by Mr. Stott 
took 20,300 B. Th.U., and Mr. Rider's 3,500 k.w. set with superheated 
steam and higher pressure took 20,900 B.Th.U. "That is quite as close 
as we could expect two engines to test. I certainly should not expect 
to go into the works to test an engine on two consecutive days and 
obtain such close results. I think the close agreement between Mr. 
Stott's and Mr. Rider's tests shows the accuracy with which the tests 
were taken. The question of surface condensing for turbo-gencrator 
sets is very interesting. The author gives us the key to the surface of 
his condensers for the reciprocating sets. I find that he has allowed 
64 Ibs. of steam per square foot per hour for condensing, but he has 
not told us what he allowed on the turbo-sct. On page 270 a useful 
table is given showing the total cost of the plant. 1 am glad that 
Mr. Rider returns to. normal ways of thinking, and has rated his 
Plant on the normal capacity and not on the Parliamentary 
Capacity. One rather wondered what the ratings were going to 
be, and the impression left, after hearing the evidence on several 
Bills in Parliament, was that the proper way was to reduce the 
estimated capital cost by every possible means while exaggerating 
the estimated output, thus reducing the estimated cost per kilowatt 
below its true value. Mr. Rider has dispensed with synchronous sets 
and gone in entirely for induction sets; but I note he has not yet settled 
how to start these induction sets, and has adopted the compromise of 
Starting his small induction sets from the direct-current side, and 
starting his larger sets from the slip-ring or alternating-current side. 
\ put in induction sets when I was designing the City plant above 
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referred to only to the extent of one or two machines in each sub- 
station, so that when we had no direct current to start from we could 
start from the alternating-current side through the induction sets, and 
then get the synchronous machines away. We certainly had по trouble 
with those synchronous machines, although with the induction machines 
we had just such troubles as the anthor has described in the paper. If 
I were to set up that plant over again I certainly should put in svn- 
chronous machines in preference to induction. The experience which 
Mr. Rider has had with the breaking down of the coils brings up ап 
old fact in winding that we discovered practically twenty years ago, 
when we began to wind bigh-tension coils at Milwall for the direct- 
current battery sets. We then found that if we wound to the end of a 
bobbin and back again we invariably got breakdowns. We had to 
wind the bobbins in sections and connect them up in series, and that is 
practically what the author shows in Fig. 25, system А. We had, as | 
have already mentioned, trouble with the induction sets through the 
breaking down of the carly turns of the coils. We got over that 
by putting coils outside the machine, Г am firmly convinced that 
there is а rise of pressure or concentration of pressure on the early 
turns in the coils. That may be got over by shielding through an 
outside device or cushioning the blow that you give to the coil by 
switching on the high tension. I am not at all sure that part of the 
defect is not initially mechanical through the sudden application of 
the high pressure, and that the mechanical shock leads to disintegra- 
tion, which subsequently causes the burn-out and develops into an 
electrical fault. I am perfectly certain we had considerable rise of 
pressure in the carly turns of those coils. I found the same thing 
strikingly exhibited in the station at Niagara, where some vears ago I 
saw а transformer and а set of resistance boxes which had been made 
for applying up to 100,000 volts pressure on the line insulators tor 
testing purposes. Whenever ап insulator broke down they һай to 
suspend the tests until the resistance boxes were rewound. Subse- 
quently they put a choking coil on cach side of the resistance box, and 
there was no further trouble. On page 29r, where the author gives the 
cost of the sub-stations, he brings out a very interesting point. 1 find 
that the sub-station plant and buildings cost £ 10724 per kilowatt. Тһе 
price that he previously gives us for his gencrating plant runs out at 
12363 per kilowatt. He has a proportion of sub-station to generating 
plant of 5 to 3, ог 17 times as much. That, I think, is a text that 
might be preached to some of the men who try to price out а power 
scheme by only advertising the generating station end of it, and vet 
saying they are going to supply direct current on a paying basis. It 
certainly gives them something to think about, because not only have 
we here the fact plainly before us that the cost of the generating plant 
is only equal to about half the total cost of the machinery апа plant, 
but in addition to that the cables and the strect work call for the 
provision of nearly as much again. I should like, in conclusion, to 
congratulate the author not only on his excellent paper, but also on 
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the very clean and tidy aspect of his station. It is really a pleasure to 
Бо round a station like Greenwich. In early days, when we went 
round an English station and then went on the Continent and compared 
the state of affairs in foreign stations, we wondered why we could not 
do as the foreigner did. We imagined that labour was cheaper on the 
Continent and that that was the reason of it, but I am very glad to say 
that there are now stations in England which are as clean and natty as 
any stations I have seen, either on the Continent ог in America. I 
think perhaps the absolutely enclosed engine had something to do with 
it, as it will run anywhere. It would hardly be fair to blame a man for 
not wiping down an enclosed engine, which would look no better when 
he had cleaned it; but if the engines are so designed as to make it 
worth while, the men will clean them. 

Мг. К. Ерссомве: I should like to refer again to расе 260, where 
Mr. Rider tells us that his experience with reverse rclays on the 
generators has led him to think that it would be better to dispense 
with them altogether. Three speakers in succession at the last 
meeting agreed with the author, but I somchow feel that the question 
is such an important опе that it should not be passed over too hastily, 
and we should very much like to have some further facts from the 
author as to the trouble he has experienced. He tells us in the paper 
very little about it, being evidently a disciple of the philosopher who 
said, ‘State your conclusions, but never give your reasons ; your con- 
clusions may be right, but your reasons are almost certain to be 
wrong." I think that, reading between the lines, there is no doubt that 
his reverse relays have been guilty of cutting out healthy gencrators 
when they should not have done so. But does it follow from this that 
the onlv alternative is to do away with all protection on the generators? 

It has been my experience that, in a great many cases in which this 
complaint has been made, the rcal trouble was not that reverse relays 
were used, but that their settings were abnormally low. I do not know 
what Mr. Rider's current scttings at Greenwich are, but I should 
imagine them to be about то per cent. of the output of cach generator. 
А то per cent. setting has become a very usual one to ask for, and 
some engineers even go as low as 5 per cent. This may be all right on 
small plants, but I cannot help thinking that with large systems, where 
surges have to be reckoned with, and still more where there are 
generators of various types running in parallel, some driven by 
reciprocating engines and others by turbines, there аге bound to be 
temporary reversals of energy. 

In that case there seem to be three possible courses. One is to 
introduce a small time lag, which is, I think, on the whole, to bc 
deprecated, since the longer the faultv generator is left on the bars the 
more trouble there is likely to be. On the other hand, I think that a 
definite time lag is far preferable to an indefinite time lag depending 
on the alacrity of the switchboard attendant in cutting out the faulty 
generator (even assuming hc attacks the right generator and does not 
pull out а sound one). Another plan (the one Mr. Rider proposes) is 
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to do away with the relays altogether, but that scarcely seems logical. 
The third possible method is to set the relays for a much heavier 
rcverse current. Тһе only objection to this is that, on the occurrence 
of a bad fault, the busbar volts are almost certain to fall, and with the 
ordinary wattmeter relay this entails a corresponding increase of trip- 
ping current. But, as а matter of fact, I do not вес that even ап 
increase of current to four or five times the normal output of the 
machine will injure the generator, and in any case the real solution 
scems to be to arrange thc relays so that the tripping current is to a 
large extent independent of the voltage. It is not difficult to arrange 
the relay so that, if the voltage falls to 4; or even ду of the normal, 
the tripping current will not be more than doubled. 

This whole question is of such importance that I, for one, should 
very much like Mr. Rider to give us some further details of his experi- 
ence, and before he irrevocably changes that little word “almost” into 
“quite,” as he threatens to do, I should like him to increase the setting 
of his relays at Greenwich, and I cannot help thinking that such a 
course will convince him of their real utility. 

Communicaled : In my remarks at the meeting I confined myself 
to the question of relays acting when they should not; my reason 
being that Mr. Rider's suggestion to do away with the relays seemed to 
postulate this fault. It may be worth while, however, to deal shortly 
with the other side of the question, f.e., the conditions under which а 
reverse relay should cut out a faulty generator. These are, I think, 
three in number :— 


I. А short circuit or carth in the generator. 
2. Failure of the motive power. 
3. Failure of the generator field. 


A fault in the generator throws a more or less non-inductive reverse 
load on the busbars, and is accompanied, as a rule, by a fall in busbar 
voltage to an extent dependent on the severity of the fault. In the case 
of a failure of the motive power the generator will continuc to run as 
a synchronous motor, unless it has been pulled out of step by the 
“seizing " of a bearing. In the latter case the effect is similar to a short 
circuit in the windings, and in either contingency the result is a reverse 
load of comparatively high power factor. Тһе third fault, the loss of 
field, has a totally different effect. It must be remembered that thc 
engine is still under full steam, and the generator continues to feed 
current into the busbars. This current, which isa leading one of very 
low power factor, serves to magnetise the field апа goes on increasing 
until thc voltage of the faulty generator is equal to that of the busbars, 
which will almost certainly have fallen considerably during the process. 
From this it will be evident that a reverse relay will not trip at all with a 
failing field. For this reason Mr. Leonard Andrews suggested some 
years ago that relays should Бе so arranged as to trip not only with 
reverse currents pure and simple, but with forward leading currents of 
low power factor. Experience shows that such currents are never 
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produced except with a failing field, and this undoubtedly gives the 
correct solution of the problem. 

'To sum up, there would appear to be no reason for the usual abnor- 
mally low settings, and, apart from a fall of voltage, a setting of 25 per 
cerit. or even 50 per cent. of the full load would appear to be none too 
high. То obviate trouble due to а fall in pressure the relays should 
be.so constructed as to be independent of this, and Феу should. also 
be arranged to trip with a leading forward current due to loss of 
field. 

Тћеге is опе other point which has not, I think, been touched upon 
by any of the speakers, and that has reference to the protection of the 
inter-connectors by overload time limit relays. It would be of extreme 
interest to hear Mr. Rider's experiences in this matter, as such relays 
are far simpler than the various differential arrangements which have 
been suggested from time to time. Provided the time lags are 
accurately adjustable, and are such as to give the same discrimina- 
tion al all loads, they should certainly afford all the protection 
required, 

Мг. Н. M. Sayers: Mr. Rider has permitted me to mention one or 
two facts about the behaviour of induction motors which were dis- 
covered by measurement in one of his sub-stations, and which go to 
support what Mr. Patchell said just now as to the mechanical element 
in the failure of stator windings. А point was selected in the centre 
of the end winding of one of the stator coils, to which was affixed a 
small stylus. Then the machine was run up to speed in the usual way 
and switched on ; and the point traced out a line showing the mechani- 
cal movement of the coil. The curve described was a figure of 8, the 
movement being in some cases as much as # in. circumferentially and 
А in. axially. It is clear that so much movement as that means a con- 
siderable stress upon the insulating material, and that a coil with one 
turn per layer as in type A given by the author will stand such a stress 
better than when built up with many turns per layer. It will be 
interesting to know if the author has taken oscillographs of the current 
as well as the voltage at the moment of switching in these machines, 
as the current is probably high, and varies with the exact phase moment 
of switching. The author's choice of induction motor-generators has 
been criticised, but I am not a bit surprised that he has not chosen 
rotary converters for conduit tramway work. The latter are extremely 
interesting machines, but altogether too lively on a duty involving 
heavy short circuits such as arise in conduit tramways. I am surprised, 
however, that he has not tried what is probablv the best machine of 
the kind that has ever been built, the Lacour motor converter. It isa 
very satisfactory machine on railway work, and Mr. Roger Smith has 
adopted it on the Great Western Railway. I have seen his machines 
on various occasions, and they run extremely well. They are light and 
small for their output, and combine the best characteristics of the 
rotary converter and the induction motor-generator. The author states 
on page 272 that over 66 million units were delivered to sub-stationsin a 
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year, but that does not enable one to ascertain the works cost in the 
stations, or to take out the efficiency of the transmission system. Гат 
a little curious to know where the 66 million units were measured. Esti- 
mating the car-miles run during the same year as 29 millions, it works out 
to 2°3 units per car-mile. That is avery heavy consumption, even for the 
heavy London County Council cars. Inthe усаг ending March 31, 1907. 
according to the official accounts, the units generated were 32,782,000 
for 16,267,000 car-miles, or 2°02 units per car-mile, so that for the year 
ending December 31, 1908, there is ап apparent increase from 202 to 
2:3 units per car-mile, 14 per cent. more than were generated at the 
stations in the previous year рег car-mile. To that 14 per cent. have to 
be added the transmission losses, so that there appears to be a total 
increase of from 20 to 25 per cent. in the units generated per car-mile. 
That is difficult to understand, although I know that a larger рго- 
portion of bogic cars are now in use than formerly. It would be very 
interesting if the author could throw some further light on that point. 
I think he has dealt very clearly with the commercial position of the 
big station. Mr. Patchell savs that we have had that from a Parlia- 
mentary point of view ad nauseam during the last few years. D take it 
that Greenwich is a pretty good example of what can be done on a 
below-bridge Thames-side station. The figure of o°331d. per unit, 
whether that be per unit delivered to the feeders at Greenwich or to 
the sub-stations at the other end, is a very creditable one, but, as Mr. 
Snell has pointed out, it is very near what was claimed іп the committee- 
rooms, and we are not going below that for some time to come. But 
it is to be noticed that that low cost is obtained on a capital expenditure 
of very nearly £24 per kilowatt, by no means a committee-room figure. 
If one works out the capital charges per unit, it makes a considerably 
larger addition than has been usual in the evidence laid before Рагһа- 
mentary committees. Then comes in the question of the transmission 
losses. Мг. Rider has some sub-stations as far away as ro miles from 
his generating station. ‘Ten miles of 3-phase cable laid and joined up 
ready for use will cost at least £15,000 in London, and that is a con- 
siderable addition to the cost of the sub-station. Then, if the energy 
is delivered at 6,000 volts, with a power factor of 9o per cent., and the 
cable worked at 1,000 amperes per square inch, the rate of transmission 
is 1,404 КЛУ. That is below the capacity of three 500-k.w. motor- 
generator sets, which I believe some of the stations use sometimes. 
The loss at that load will be 137 per cent. of the energy delivered. И 
the most economical cable is used the total cost including capital 
charges ought to be about twice that ; that is to say, it costs about 
27'4 per cent. of the generating cost to get the energv delivered 10 
miles away without conversion. So if there were another generating 
station only 5 miles off instead of то, and the extra cost of coal 
were not increased by more than 12 per cent., there would бе а nct 
saving on the cost of the energy as delivered to the sub-stations by 
using two stations instead of one. I think that also is a moral which 
wc have not learnt in the committee-rooms. 
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Mr. G. L. ADDENBROOKE : Attention has already been directed to 
the large amount of heat lost through Mr. Rider's having to blow down 
his boilers 5 in. each day, and also to the question of treating the 
water used for the boilers, both of which points are of more importance 
than is usually supposed. It often happens that although water сап be 
freed from lime it contains chlorides in solution which are not removed 
and which may give rise in the boiler to pitting and other troubles, and 
I understand that this sometimes happens in. London, where water 
obtained from wells is not infrequently brackish. I would like to ask 
Mr. Rider if he could give particulars of the amount of water used for 
the boiler supply and what proportion of the total goes through the 
turbines in the form of steam, and also what is the proportion of 
the make-up water of the total water pumped into the boilers, and 
approximately the amount of water lost by blowing off. If these 
matters are gone into I believe that а very good case may be made 
out for distilling the making-up water to begin with, especially for the 
turbine portion of the plant. It appears to me that there would be 
many advantages in doing this where the circumstances are favourable, 
and that it would turn out to be economical also. 

With turbines the condensed water is free from oil, and if distilled 
water were used for the making up the necessity for blowing down the 
boilers would be very greatly reduced. Owing to freedom from scale 
the boilers would be a little more efficient апа would not require 
cleaning so frequently. Considerably smaller amounts of water 
would therefore be needed for the boilers, and treating, if required 
at all, would be greatly reduced in amount. The addition of a small 
amount of lime after distillation would also prevent any acidity and 
consequent pitting inside the boiler, and would therefore save іп 
repairs and permit the boiler plant to be run with a smaller margin 
of spares. 

In marine work, of course, this arrangement is very largely used 
under less advantageous conditions than should obtain on land, and 
I believe it is usually taken that the make-up water required should be 
about 5 per cent. of the water passing through the boilers, and it would 
Бе interesting to know what the equivalent loss is in a large installation 
like Mr. Rider's when working with a good load factor. With care, 
and if the blowing down of the boilers could be avoided, the make-up 
required should be even smaller, and with the cascade form of appa- 
ratus which is made to-day the evaporation of some 2} gallons can 
be obtaincd from 1 1. of coal, and the apparatus is simple to work. 
I believe, therefore, іп many instances it would be advantageous to 
adopt this system, and with a perfectly pure water feed it is probable 
that there is scope for the adoption of boilers more of the Yarrow 
or Thornycroft type with small tubes and giving a very high rate of 
evaporation for meeting peak loads. The old difficulty. which pre- 
vented the use of this type of boiler was that with hand firing there 
were obstacles to maintaining a sufficiently regular supply of steam, 
but with the general adoption of mechanical forms of stoker this is 
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obviated, so that the necessity for a large water reserve is grcatly 
reduced. 

I would finally like to ask Mr. Rider for further details of the large 
sum for buildings and foundations which ts included in the cost of his 
generating station. No doubt local authorities are justified in spending 
more in this than private companies, and the buildings are of a secondary 
interest from an engincering point of view ; but, nevertheless, interest 
and depreciation must be found on the capital locked up in them, and 
while considering an undertaking of this sort as a whole there is a 
certain want of proportion in only devoting a few lines to an expendi- 
ture which is nearly half the total, and which brings up the capital 
expenditure per kilowatt to the large amount of £23. И is the more 
desirable to have these figures, since building particulars аге so fre- 
quently passed over by engineers, and it is in this item that estimates 
often come out scriously wrong. 

As very large power stations are not built every day, and this is а 
public one, some more detailed figures would be both interesting and 
valuable. 

Mr. J. М. б. Trezis—E: The smallest details at Greenwich have 
evidently been very carefully thought out. One has only to walk 
through the station to sce this, and 1 venture, therefore, to ask for 
a little information respecting one ог two details of the high-tension 
switchgear. I notice that isolating plugs with insulated handles are 
made use of, both at the generating station and at the sub-stations. 
Seeing that it would hardly be safe to grip these plugs in the hand 
without some further insulating device, does the arrangement present 
any real advantage over an ordinary bare copper knife switch operated 
by a rod with a hook at the end? Then, again, with reference to the 
spark-gaps at the Greenwich station provided to protect the feeder 
cables, do discharges take place through them, and if so under what 
conditions do they асі? Are any means provided for indicating if a 
discharge has taken place, and is any difficulty experienced in keeping 
them clean and in good order? Passing from the subject of high- 
tension switch design, there is the interesting question of straining the 
water for the condensers. The immense advantage of an automatic 
strainer to deal with circulating water from a river such as the Thames, 
or from canals, is undoubted ; but the fact mentioned that some 15 per 
cent. of the water pumped for condensing leaks back through the 
strainer to the river without being used, and is consequently pumped 
to waste, appears to be a serious matter. The capacity of cach strainer 
is stated to be 1,000,000 gallons per hour, and if we take the head 
against which the water is pumped as зо ft. this means the useless 
pumping of 3,600,000 gallons of water per day against a head of зо ft. 
It would appear, however, that with a practically constant pump 
pressure the waste through the strainer would remain constant what- 
ever the quantity of water pumped ; consequently if 500,000 gallons 
of water were being pumped the waste would amount to 30 per cent., 
and although the actual waste would be the same the percentage 
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waste becomes much greater. Тһе large amount of power required 
to drive the circulation water system at Greenwich has been referred 
to, and Mr. Bailey has attributed it to some defect in the design of the 
circulating pipes ; but Mr. Martin Roberts, who also referred to the 
matter, does not agrec with this view. I have endeavoured to make a 
calculation to arrive at the power required to pump the leakage water 
through the strainer. It is stated on page 265 that the two 24-in. cir- 
culating pumps each have a capacity of 12,000 gallons per minute, that 
is, 720,000 gallons per hour, and that the motors are each of 250 B.H.P. 
Now, if 720,000 gallons per hour require 250 В.Н.Р. the leakage water 
pumped to waste through each strainer—namely, 150,000 gallons per 
hour— would consume 52 B.H.P. That equals іп a усаг 377,278 units. 
If two strainers are in use the continuous waste will amount to 
104 B.H.P., which equals 754,555 Board of Trade units per year—that 
is, two strainers in use тсапѕ a waste equal to more than threc- 
quarters of a million units per annum, and so on with additional 
strainers. These figures, I think, show that a large proportion of the 
power required to work the circulating system is due to the loss of 
water through leakage in (һе rotary strainer, and that the item is a 
serious one in the cost of condensing. Тһе disadvantage of having the 
pump outside, that is, on the river side of the strainer, has been referred 
to. Of course, the great disadvantage of this arrangement is that the 
strainer does not protect the pumps, and consequently it is necessary 
to depend on the fixed strainers in the catch-pits to protect the pumps, 
in which case the grids of these strainers have to be of small mesh, 
and perform much of the work which should fall on the self-cleaning 
strainer ; or, as an alternative, large pumps have to be employed which 
will pass articles of considerable size. The consequence is that it is 
impossible to adopt the economical arrangement of having two or 
more small pumps in parallel so arranged that those in use are 
at all times practically fully loaded and running economically, and 
it is necessary to have one large pump on each line of pipes worked to 
to its full capacity without being varied to meet the requirements 
of the varying load from hour to hour. It is true that this diff- 
culty may be partly overcome by using direct-current motors in- 
stead of alternating-current motors, so as to make it possible to 
vary the speed of the pumps ; but the efficiency of a centrifugal pump 
falls so rapidly with decrease of speed that there scems to be no 
advantage in using direct-current motors, and it would appear 
that economical working can only be obtained by the use of two 
or more pumps in parallel, additional pumps being brought into use 
as required. The objection to having a very small mesh in the fixed 
strainer so as to protect small pumps is that the direction ot How 
of water in the pipes has to be reversed very frequently in order to 
clean the strainer, whereas if all the straining could be effected by the 
automatic strainer fixed outside the puinps this would not be necessary, 
and the direction of flow of water in the pipes would only require 
to be reversed at long intervals. Мг. Rider briefly refers, on page 267, 
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to the fact that pressure water is used for sealing the periphery of the 
strainer. It would be interesting to know bow much water is used, and 
if it is obtained from the town supply, what it costs per annum. Some 
twelve months ago the author very kindly gave me the opportunity of 
making a rather careful examination of the condensing arrangements at 
Greenwich ; the circulating water system from the ‘Thames to the con- 
densers is certainly very interesting. The advantage of carrying the 
pipes, immediately they leave the station, below the low-water level ts 
obviously very great, as it prevents the possibility of air leakage— 
a matter of great importance in a system like that at Greenwich, 
where the weight of discharge water balances the head of the in-take 
water. But there would appear to be some disadvantage, when taking 
water from the Thames at any rate, in the sharp bends shown imme- 
diately inside the river wall, as in the event of a water-logged baulk 
of timber getting into a pipe it would be jammed at one of the 
bends. 

Mr. J. В. SALTER: I think tramway men especially ought to be 
indebted to Mr. Rider for this paper, which deals so fully with 
tramway matters, having regard to the fact that something like 70 
millions of capital are invested. in tramway undertakings in this 
country. The first thing that strikes one who is solely engaged in 
tramway work about the paper is that the station might have been 
differently situated, so as to have obviated what must be the very heavy 
capital expenditure for transmission cables. If the station had been 
situated somewhere in the neighbourhood of Southwark a very great 
saving would have been made in the capital expenditure on the trans- 
mission cables, Possibly the author has considered this subject, and 
if he has I should like to know if he has formed an estimate of the 
saving in capital with a station more centrally situated, and also what 
such saving in capital charges would represent per annum per car- 
mile. The next point is the employment of storage batteries in an 
undertaking of this magnitude ; as these batteries have only 444 of the 
total capacity of the plant, I do not think it can be contended that they 
give any of the advantages which are ordinarily claimed for batteries, 
viz., the ability to shut down, an improvement in the load factor, or a 
saving in the copper. Having regard to that fact, it does seem strange 
that apparatus which involves depreciation or maintenance charges 
equal to 07 per cent. of the original cost in (еп years, in addition to thc 
interest and sinking fund charges, should be put down solcly on the 
ground of convenience, The author has been very kind and candid in 
telling us that the conduit system is subject to many faults from which 
the overhead system is free, and he gives us about ях pages in the 
paper showing the ingenuity he has displayed in petting over those 
faults. | want to ask him, however, to give us а few more pages 
dealing with the detects of the conduit system. The results at the 
generating station are highly creditable, but it seems to me there must 
be something wrong in the efficiency of the distribution or in the 
consuming device—that is, the motors on the cars. The only instal- 
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lation of a similar size that we can make any comparison with is 
Glasgow. In Glasgow the consumption per car-mile is 1°25 units, and 
the cost o*45d., whilst in London the consumption is 2°24 units per car- 


mile and the cost o*gsd. I can only assume that the costs are high . 


because of the inherent defects of the conduit system; but if Mr. 
Rider got his figure of costs per car-mile down to anywhere in the 
neighbourhood of the Glasgow costs there would be a saving of about 
140,000 a year in the generating costs, which would have represented 
the interest and sinking fund on a capital expenditure of £600,005. Іп 
addition to that, his current consumption would have been less per car- 
mile, the maximum demand less, and his generating station. would 
consequently have been of less capacity. Again, with regard to the 
cost of the feeder system, there is, unfortunately, very little informa- 
tion given as to the low-tension feeder system. ‘here is, however, no 
doubt that the cost must be enormously greater than with the overhead 
system, involving, as it does, the duplication of cables for the positive 
and negative side, owing to the impracticability of using the rail as 
relurn. I should like to ask Mr. Rider if ће can give us any idea of the 
cost of the low-tension feeder system for comparison with the cost of 
low-tension cables for the overhead system. If he could give it us in 
terms of the cost of the number of car-miles run per route mile per 
аппит, we could make a comparison with any overhead system in 
existence. Probably one of the most remarkable departures from 
ordinary tramway practice is the use by the author of ordinary shunt- 
wound instead of compound-wound generators. Г can hardly believe 
that he has adopted shunt-wound machines to overcome the difficul- 
tics which he notes іп the paper. I һауе never heard of any complica- 
tion in working compound machines, nor have I ever had any trouble 
with the reversal of polarity, except with rotary converters, and he has 
only two of these. I can therefore only assume that the use of the 
shunt-wound machine has something to do with the inherent defects 
of the conduit system. May I suggest that probably his low efficiency, 
both in transmission and distribution, may bc partly accounted for by 
the use of shunt-wound machines. Тһе applied E.M.F. at the motors 
must vary more than with compound-wound machines, and when the 
load is heavy the E.M.F. must be very low. Тһе specd of a tramcar 
must be maintained at the expensc of current, and consequently the 
consumption per car-mile goes up and the efficiency of the motors and 
the whole system goes down. 

Мг. Н. BRAziL: I wish to make a few remarks with regard to 
earthing resistances in the neutral point, and should like to congratu- 
late Mr. Rider and Mr. Shaw on the ingenuity they have displaved in 
ве пр out the device illustrated and described in the paper. When, 
however, one looks into the amount of wiring required, the number of 
switches involved, and the cost of the whole apparatus, one is (ће more 
inclined (о believe that Mr. Rider's remark that his station is the only 
опе fitted with this device at present, is likely to remain true in the 
future, 
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With regard to the working of the apparatus, during the interval 
which elapses between the time when the one machine whose neutral 
is earthed is shut down and another one is being found bv this device 
to which the neutral point can be attached, the system remains with its 
neutral insulated ; further, when it becomes necessary, as sometimes 
nappens, to divide the system into (wo or more parts, only one of these 
parts can be carthed by this device. This, I think, is a dangerous state 
of affairs, in that if а system which normally has its neutral earthed is 
left with the. neutral insulated for any length of time, large rises of 
potential above carth, which the system is not accustomed to, may 
occur, and these rises will put a severe strain on the insulation of 
machines, transformers, cables, etc. 

I think Mr. Rider will agree that if we have an earth resistance 
only without any such apparatus as he describes, the desirable points 
are: first, the ohmic value shall be sufficiently high to render the 
shock to the system at the time an earth occurs as small as possible, 
and yet be low enough to enable the automatic cutouts on the faulty 
feeder to trip shortly after the fault occurs; secondly, it should be 
capable of absorbing в very large amount of power for a reasonable 
time without injury, and when left unused should not deteriorate owing 
to dampness or other causes; //iirdly, it should be so arranged as to 
interpose between the neutral points of the several machines as high а 
resistance as possible, having due regard to what is required of it when 
an carth comes on. 

I venture to suggest ап arrangement of special carbon powder 
resistances which will satisfy the above requirements, and possesses 
several advantages over that described by the author, especially as 
regards cost. The resistance itself consists of a fireclay trough in 
which is placed a special carbon powder made by the Morgan Crucible 
Company. The depth of the powder is about 1 in., and, being open to 
the air, it is free to expand. These resistances are provided with carbon 
terminals of ample surtace, so that the contact with the powder 15 
good, and they сап be connected in series or parallel in any arrange- 
ment that may be desired. 

'The special feature about this resistance is that whereas with the 
ordinary iron grid type the ohmic value is lowest at the time the fault 
occurs, and increases as it heats up, with the carbon powder type the 
resistance is at its highest value when cold, and may be designed to 
decrease to any extent one pleases down to, say, т; of its original 
value. This variation, which in most resistances would be considered 
a disadvantage, is а valuable feature, as I will explain presently, when 
the resistance 15 used for carthing the neutral point. Within certain 
limits, for every voltage per inch run of the troughs, there is a definite 
value to which the resistance attains, and at which it remains very 
nearly constant for some considerable time, extending in some cases 
to one hour. The carbon powder, under these circumstances, is of 
course at a good red heat, but as it is enclosed in fireclay no trouble 
arises, and atter this prolonged heating it remains unaltered. 
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These resistances are capable of absorbing very large amounts of 
power without injury, and even when they are overrun it is a very 
simple and inexpensive matter to put in fresh powder and thus restore 
the resistance to its original condition. 

Ав an example of the amount of power absorbed, I would mention 
that a fireclay trough whose internal dimensions are approximately 
20 in. X біп. X r1 in., will deal with r2 to 15 k.w. for about то minutes, 
and 8 to то k.w. for half an hour or more. И the resistance is only 
required to be on for 2 or 3 minutes, a considerably greater amount of 
power can be absorbed. 

For the purpose under discussion, the resistance made up of a 
number of units arranged in series and parallel, is connected as 
shown in Fig. D. This represents three machines with their neutral 
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points connected, first of all through small resistances 7,7, 7 to a 
common busbar, and then through a larger capacity resistance R, 
having a higher value to earth. Under normal conditions, the small 
resistances 7, 7, r being cold are at their highest value, and as there are 
two of them in series between any two neutral points, the current 
between these two points is reduced to a small figure. Incidentally I 
should like to suggest that as the current passing between the neutral 
points of the machines has a frequency three times that of the normal, 
small choking coils should be put in place of these resistances 7, 7, 7. 
Between the neutral points of any two machines we should then have 
two choking coils in series, and the frequency being three times the 
normal, the choking effect would be six times as much as that between 
any one machine neutral and the common busbar. This arrangement 
would reduce the current between the neutral points, but would not 
oppose to any great extent the current of normal frequency going to 
earth. 
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Returning now to the earthing resistance itself, if we take the 

author's figure of 3:5 ohms as being the highest admissible in order 
that when an earth occurs on the end of a long feeder the automatic 
cutout on that feeder shall act, and assuming that the carbon powder 
resistance reduces to this figure of 3'5 after having decreased to 1 of 
its original value, it is clear that the resistance when cold may be as 
much as 25 х 52175 ohms. Іп the system under discussion, the 
voltage to earth from any pole is 3,700, so that when a fault occurs 
the current that passes, if the fault has no resistance, will be 3,700 — 
17/5 = 212 amperes with the arrangement I suggest, as against 3,700 + 
3'5 == 1,050 with the resistance described in the paper. This current 
of 212 amperes should be sufficient to trip the automatic cutout on 
the faulty feeder; but if it is not, the resistance will heat up and 
automatically decrease until just sufficient current passes to enable the 
automatic to open circuit. As by far the largest number of faults are 
from one phase to earth and not between phases, I venture to suggest 
that this is a very important advantage, in that not only is the shock to 
the system when an earth occurs reduced very considerably, but when 
the faulty feeder is cut out, the current broken is only that sufficient 
to trip this automatic switch, and not, as in the other case, the 
maximum current that the resistance will allow to pass. 
(1 Summarising the whole matter, I should like to point out that under 
certain circumstances the author's arrangement leaves the system with 
its neutral insulated, and when it has to be divided into two or more 
parts, only one of these parts can have its neutral earthed; the 
arrangement I have suggested is not open to these objections. Further, 
when a fault occurs, the current with Mr. Rider's arrangement is over 
1,000 amperes, whereas with mine it is only 212. Finally, the cost of 
the carbon powder resistances would be only about +» of that of the 
special arrangement described by the author. 

The drawings given in the paper show a very large number of 
multi-gap type of arrester, and it would be very interesting if 
Mr Rider would give some particulars as to the voltage at which they 
spark, approximately what current passes, whether they act often, and 
if he has had any trouble with the carbon rod resistances. 

It is very difficult to obtain any information as to the working of 
these arresters, but, as Mr. Rider has so many installed, he doubtless 
will be able to give some valuable information on the above points. 

Мг. А. B. CLARK: I would like to ask the author one or two ques- 
tions with reference to the condensing system. I see from the diagram 
on page 206 that there are two water meters in the circulating water 
system, and І would like to ask the author if he can tell us how much 
water they pass in a given time, and also what vacuum the two ar- 
pumps maintain at the. air-pump barometric tubes, and their dimen- 
sions and revolutions, so that we could get the figure as to the amount 
of air in the circulating water per горо cub. ft. of water. Thats 
the trouble we had at Chelsea at the beginning of our work. Going 
further back in the paper, I would like to ask for some more informa- 
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tion aboat the earthing resistance. Recently we have had to design a 
new one, and I should like to ask Mr. Rider what is the weight of his, 
as I find that to carry 6,000 k.w. for то minutes without breaking it 
up some 5 or 6 tons of metal are required. If there is an open 
circuit on the earth resistance produced during operation, we find we 
have more trouble. With regard to Fig. 14, the diagram of the 
switchgear, there are apparently two low-tension auxiliary feeders 
coming ой the same busbar. If anything goes wrong with that 
section of busbar then his auxiliary motors will naturally stop. In 
that case he will get no circulating water, and his machines will go to 
atmosphere. No doubt a considerable load can be got out of recipro- 
cating engines on atmosphere, but with turbines more work is done 
below atmosphere than above atmosphere, and I am afraid he will 
have considerable trouble in carrying any load if the auxiliary motors 
fail through both feeders being taken off the same section. Оп 
page 256 a test on the reciprocating machines is given, and some very 
good results are mentioned. The efficiency of the generator is 
apparently better on half load than full load. Тһе consumption of 
water per kilowatt-hour is 16:67 lbs. at half load, while at full load 
it is 16°88 lbs. As the water per I.H.P. is higher at half load 
than full load, the efficiency of the generator must be more, and 
that should be marked in red ink, because it is rather unusual. A 
little further back in the paper some boiler tests are given. These are 
certainly small boilers as previous speakers have pointed out, but the 
author manages to get quite a large evaporation from them, and 
apparently at the very good efficiency of nearly 80 per cent. But if 
you start to work back from the actual flue temperature, you find that 
the amount of air supplied per 16. of coal is only about 12 lbs., in which 
case the CO, is something like r9 per cent. That is rather unusual, 
and in fact practically impossible, and therefore I would like to ask 
if there is anything wrong with this test. Ithink a temperature of 
620? F. at the back of the boiler at that load is about a correct tempera- 
ture. Then I should like to ask how he measured the water— 
whether it was measured by a water meter or in calibrated tanks. | 
would look as if а water meter was used owing to the fact that the 
temperature of the feed water is high. I rather doubt the water meter 
myself, it might easily be 2 or 3 per cent. wrong. I notice that the 
factor of evaporation is given as 1°66, but speaking from memory I 
fancy the figures should be тоб. Probably the efficiency should be 
about 74 per cent, which would be quite a good result, because 
although бо per cent. is quite usual at low evaporation, it could scarcely 
be obtained with the rate at which the boiler is worked. Тһе author 
gives on page 241 the contract under which the coal is purchased. On 
looking through a large number of analyses and tests of coal I find 
it is a very poor coal indeed that does ‘not reach 13,000 B.Th.U. 
when dry; and I think that the value given in the paper of 12,500 
B.Th.U. might easily be raised to 13,000. Then, again, the moisture 
is given as 10 per cent. I find that where washed coal is used less 
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moisture is obtained than with unwashed coal, owing to the fact that 
it is really the dirt in the coal that retains the moisture. I find that that 
figure might easily be 7, and even then it would be quite fair to the 
coal contractors. Altogether that schedule for purchasing coal seems 
to me to give too much allowance to the coal contractor, and I should 
judge that the engineer benefits very littlefrom it. With regard to the 
proportion of small coal—namely, 20 per cent.—from my experience 
I should say it could easily be r5 per cent., and that the coal should 
be rejected if it was above 20 per cent. 

Mr. G. W. O. HowE: It has already been pointed out in the 
discussion that the trouble due to the breaking down of the end coils 
of the stator windings of the induction motors is by no means new. 
Makers have for many years put extra insulation on the end coils of 
transformers and motors. I doubt whether the device adopted by 


Fic. E. 


Mr. Rider of putting choking coils in series with the machine is the 
best way out of the difficulty. I would suggest another method by 
which all shock to the motor winding would be prevented. Ву shock, 
however, I mean electrical shock and not mechanical shock. Тһе 
mechanical shock and the initial rush of current аге quite unconnectcd, 
I think, with the breaking down of the end coils, although both depend 
on the value of the supply potential difference at the instant of closing 
the switch. Mr. Partridge suggested that the rush of current depended 
on the magnetic condition in which the iron was left, but although this 
is an important point when dealing with transformers, I doubt very 
much whether an induction motor will retain much magnetism, as both 
the air-gap and the rotation on slowing down tend to wipe it out. 
In order to get a clear idea of the cause of the breaking down of 
the end coils, I have had some diagrams made. Fig. E represents 
diagrammatically the winding of the stator. If the switch is closed at 
the moment of maximum potential difference the terminal T, may 
suddenly be raised to a potential of 10,000 volts above the terminal Т,. 
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When the motor is worked normally, this state of affairs occurs, say, 
50 times per second, but it has then been gradually reached by 
increasing the potential difference from zero, whereas in the present 
case it has been instantly attained. Fig. Е represents a pipe filled with 
a heavy liquid like mercury, or filled with water, but containing a 
number of heavy sliding plugs or pistons distributed throughout its 
length as shown. This is very analogous to the electric case, and will 
appeal to those who may be more familiar with inertia and momentum 
than with self-induction and capacity. Ап alternating current or flow 
сап be produced by working the plungers up and down. Аз ш the 
actual winding we have here a small resistance due to pipe friction, 
but a large resistance to sudden change due to the inertia of the heavy 
liquid or plugs. This latter is exactly analogous to the self-induction of 
the windings, which offers no opposition to a steady current, but opposes 
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any sudden change of current. If, instead of working the pistons 
steadily up and down, we apply a sudden blow to the left-hand one, it 
is obvious that the force of the blow will be taken almost entirely by 
the liquid or heavy plugs in the first part of the tube, their inertia 
entirely shielding the liquid at B. Hence we shall have the full 
terminal pressure across the first bend of the tube, or, in the electrical 
сазе, the first coil of the winding. Now the points А and B are close 
together, but separated by the dielectric, perhaps a few layers of 
impregnated cotton, or, if the impregnation is not complete, a 
thin layer of air. Hence, we have here a condenser which I have 
represented in the hydraulic analogy by a rubber diaphragm C D. If 
A and B are at different potentials the diaphragm will be strained, and 
if the potential difference exceeds a certain valuc, will be ruptured, that 
is, the insulation will break down. It might be objected that as the 
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liquid in the hydraulic analogy is incompressible, there would be no 
tendency to distend the diaphragm. We must remember, however, 
that each coil of the stator winding has a certain relatively large 
capacity to the iron in which the coil is imbedded, i.e., to earth. In 
the hydraulic case this is represented by making the tube of rubber, 
but we will not press the analogv any further. Mr. Rider's device of 
putting a choking coil in series with the winding isanalogous to putting 
another vessel in scries with the tube and fitting it with a hcavy sliding 
piston. The inertia of this piston protects the tube from the sudden 
blow. "The first method which suggested itself to me was to place a 
non-inductive resistance in parallel with the motor before closing the 
switch, tappings being taken from the resistance to the connections 
between the stator coils. This shunt could be made of high resistance 
and need only be in use for a fraction of a second. It could be 
automatically disconnected by pushing the main switch home. I need 
hardly point out that this would be analogous to a small bore pipe 
connecting А and B and all similar points. А previous speaker 
(Mr. Jenkin) mentioned that the abnormal pressure rise could be 
detected by a spark: gap but could not be scen оп an oscillograph. It 
is probable that, even if the oscillograph could record such a rapid rise 
of pressure, it would act as a shunt and thus prevent the rise. Another 
method, and one which is probably far preferable, is to put a number 
of condensers in series across the terminals, and to tap off from the 
wires joining the condensers to the wires joining successive stator 
coils. These condensers can be fitted once for all and left permanently 
connected. 

Мг. W. Н. CouLis (communicated): In the Lister Drive Station of 
the Liverpool Corporation there are seven 2,000-k.w. turbo alternators, 
4 of one type, and з of another, which generate clectricity at 6,000 volts 
3-рһазе. The stators are star connected. The neutral points are con- 
nected without resistance to carth—ze., to the water system of the city. 
The output of the alternators is carried to the switchboard by means 
of 3-phase lead-covered and armoured cables. The armour of these 
cables is earthed at Lister Drive also on to the water system. 

Under these conditions when several alternators were running, it 
was found that there was a considerable circulation of low-voltage 
alternating current in the armour of the cables; in fact, on one 
occasion the armour was found arcing where it was supported in a 
metal hanger owing to the current passing from the armour to the 
hanger, and through the hanger to the armour of other cables. 

This has been prevented by insulating all the cables from metal 
hangers, Experiments were made, and it was found that practically 
no interchange of current took place between similar machines, but 
the interchange only took place when dissimilar machines were 
running. It was, therefore, decided to group the alternators into two 
sets, one set of 4, and one set of 3, and to arrange the earth connection 
so that cither group could be earthed. In future one group only will 
be earthed at a time, and it is expected that this will do away with the 
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trouble that has been experienced with these currents in the earth leads 
of the neutral points. 

Мг. Е. FORREST (communicated) : One of the most interesting features 
of the London County Council tramways system is that 75 per cent. of 
the sub-station plant consists of induction motor-generators, and this 
would indicate that the author is absolutely satisfied with the general 
superiority of this type of plant over rotary converters for tramway 
work. This is quite contrary to the general consensus of opinion both 
in this country and in America among engincers who have operated 
both types of machines, and my own experience is that for the rough 
and tumble of traction work there is nothing quite so good as the 
rotary converter, especially if the frequency is as low as 25 cycles. 
As an example of their reliability, I may mention that in Birmingham, 
where rotaries are used entirely both for lighting and traction, there 
has not been a single machine or transformer failure during the 
2] years they have been running. The number of rotaries installed 
is 21, in various sizes between 300 k.w. and 1,500 k.w., and totalling 
9,100 k.w. The trouble with the end coils of the motor stators has 
been experienced by nearly every engineer who has used high-tension 
induction motors, and the method of switching in through a choking 
coil is the best and safest way of overcoming the difficulty. Тһе 
author is apparently satisfied with a sub-station efficiency of 75 per 
cent., whereas if he had adopted rotaries this would have been at least 
82 per cent. 

‘Fhe plant load factor of a tramway sub-station will approximate to 
45 per cent. ; therefore, in comparing the operating efficiency of the 
two types of plant, their efficiencies at half load is of more importance 
than at full load. The following efficiencies are not far wrong for 
machines of 500-k.w. capacity, 550 volts, 25 periods :— 


Induction Motor- 


| | 
| Load. i Rotary. | gencrator. 
| = 
; | Рег Cent. Per Cent. 
$ 88-5 | 8ro 
3 | 9го | 855 
Full | 91'5 | 89'0 
| 1] 920 | 80:2 


І should also like some information with regard to the enormous 
array of spark-gaps which have been installed at Greenwich. Have 
any of these ever been known to operate before the star-point was 
earthed at the generating station? If not, would it not be better to 
scrap them entirely, and so get rid of a possible source of trouble ? 
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Mr. К. A. Снаттоск (communicated) : On page 260 Mr. Rider states 
that his “experience with reverse-current relays has almost converted 
him to the opinion that the generators should have no tripping relays 
of any kind whatever." И would be interesting if he would give us 
some further explanation of the rcasons that have induced him to adopt 
this opinion, as I take it that he must have experienced considerable 
trouble with this class of apparatus in order to induce him to make 
such a sweeping statement against it. I would say that Т also have 
experienced great difficulty in obtaining similar apparatus that would 
operate satisfactorily, but I believe that I have now obtained, in connec- 
tion with the high-tension 3-phase switchgear that has been installed bv 
the British Thomson-Houston Company at the Dirmingham Corpora- 
tion gencrating station, a reverse-current relay which can be relied 
upon to act under the condition of a failing field, and also of a reverse 
or motoring current, and which will also be unaffected by any condi- 
tion of forward current as long asthe field current is normal. 

Mr. Rider's experience in connection with carthing the central 
points of the star windings of the stators of the generators is also very 
interesting, and the arrangements he has adopted to get over the dis- 
advantages of a solid earth connection arc very ingenious. I am of thc 
opinion, however, that with a pressure as low as 6,600 volts earthing of 
the central point is not a necessity. The extra expense involved in 
providing slightly heavier insulation on the feeder cables of a non- 
earthed system is not heavy, and I consider that in view of the 
increased reliability of the distributing system it is fully justified. I 
know of at least three cases in which workmen have come in contact 
with the outers of an uncarthed 3-рћазе E.H.T. system, and they have 
recovered from the shock. If this system had been earthed there 15 
no doubt that the men would have been killed. On an earthed system 
greater expense is entailed in connection with the protective devices as 
these have to be operated from three phases instead of from two onlv. 

I am aware that on systems where а much higher pressure is used, 
it is practically imperative to carth the central point, as in case of an 
outer going to carth the strain on the svstem would necessitate the pro- 
vision of very much heavier insulation throughout, and the cost of this 
would probably be prohibitive. Мг. Rider does not indicate how the 
arrangement he has finally adopted has answered, and it would be very 
interesting if he would give us his experience of the operation of his 
system under conditions of breakdown. 

Mr. J. FippEs Brown (communicated) : I shall be glad if the author 
would give information as to the weight and seating capacity of the 
cars, the average speed per hour, and the consumption of energy per 
ton-mile, stating, as regards the last item, what it includes. 

Dr. W. E. SUMPNER (communicated): The automatic earthing 
switch described by Mr. Rider is a complicated piece of apparatus. 
No one will consider its expense if it really safeguards an important 
generating station, such as that at Greenwich, from a source of danger, 
while the fact that the switch has been actually designed and used will 
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be accepted as convincing evidence that such a danger exists. But it 
appears questionable whether this apparatus is the best one to use for 
the purpose in view. 

'The effect of third harmonics in the phase voltages of star-connected 
alternators, with the star-points all earthed, has been frequently 
pointed out. Mr. Brew, of the Dublin Lighting Station, first drew my 
attention to the matter several years ago, and showed me some 
oscillograms he had taken of the triple-frequency earth currents 
occurring under such conditions. But so far as I know no data of the 
voltages corresponding with these harmonics have been published in 
refcrence to any station, and I doubt whether such voltages have been 
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actually measured. Oscillograms are pretty things, but are useless for 
exact data: and until definite measurements are obtainable I do not 
know that any one can estimate the true importance of these 
harmonics, unless it be from actual experience of their effects. 

I wish to make the suggestion that cach alternator should have its 
star-point connected to an earthing bar through a choking coil, and 
that the earthing bar should be well earthed through a low resistance 
of the usual kind. Тһе sketch shows two star-wound 3-phase alter- 
nators А, A, earthed in this way, and parallel connected to the mains. 
Z. Z, represent the choking coils, and R the earthing resistance. 

Under these conditions, if the distributing system is insulated from 
earih, as will normally be the case, the resistance К will have no current 
through it, and the earthing bar B B will be at zero potential. The 
point is that each of the impedances Z, Z, will take a voltage reprc- 


Dr. 
Sumpner. 


Пт. 
Sumpner. 


340 RIDER: ELECTRICAL SYSTEM OF LONDON [April 22nd, 


senting the third harmonic voltage in the windings of the corresponding 
alternator, and will normally choke down any current these voltages 
tend to cause. Moreover, these choking coils will form essentially the 
only impedance in the path of the current caused by the third harmonic 
voltage. The three windings of each alternator are so joined up in 
parallel that they constitute a non-inductive resistance so far as the 
current of triple frequency is concerned, and hence when two alter- 
nators arc parallel connected with star-points earthed in the ordinary 
way it is possible for a third harmonic voltage of small magnitude to 
cause quite a large current circulating around the machines. И is 
probably owing to this fact that appreciable currents have been 
observed due to the third harmonic voltage, for if the windings of the 
alternator acted as a choking coil, the high impedance of this for 
currents of triple frequency would reduce any such currents to 
negligible magnitude. 

In the absence of actual data I can only guess the magnitude of the 
voltage corresponding with the third harmonic. Let us assume there 
are thrce alternators in parallel—the first ап ideal alternator with no 
harmonic in its voltage ; the second an ordinary machine with a third 
harmonic voltage of, say, 2 per cent. of the phase voltage ; and finally 
an abnormal machine with a third harmonic voltage of ro per cent. of 
the phase voltage. Assuming the voltage from the star-point to line is 
5,000 volts, the three third harmonic voltages will then be o, тоо, and 
500 volts. The ideal machine will have its star-point at exactly earth 
potential, and can be joined direct to the earthing bar without using 
any choking coil. The choking coil for the ordinary machine will be 
subjected to 100 volts, while that for the abnormal machine will have 
500 volts upon it. These voltages would cause very large currents 
through the machine windings were it not for the choking coils. 
With their aid the currents can easily be reduced to negligible values, 
while the voltages on these choking coils will indicate important facts 
about the alternators. 

Now, without discussing details of the automatic earthing switch 
described in Mr. Rider's paper, let us consider the results it secures. 
These appear to be three in number. Іп the first place, any alternator 
which is shut down has its star-point disconnected from earth. Хо 
advautage is claimed for this result, and earth potential would appear 
to be the safest of all potentials for an unused machine. Again, only 
onc acting machine is earth connected at any given moment. The 
object of this appears to be two-fold. Heavy earth currents between 
two machines due to the third harmonic voltage are prevented. The 
choking coils now suggested seem to secure the same result in a simpler 
fashion. Another result of the switch 15 that, if an earth occurs on one 
of the phases, only the alternator actually connected with earth is called 
upon to supply the short-circuit current, so that the “ voltage of the 
whole station" can be maintained * pending the opening of the time 
limit circuit breaker." But the choking coils here suggested could 
easily be designed to prevent serious earth currents even in this case. 
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The object of the earth connection is to keep the neutral points of the 
alternators at earth potential, not to encourage leakage currents to 
earth. If it is desirable for one of the alternators to be available to 
force current through a fault, all that is needed is to connect the 
neutral point of its windings direct to the earthing bar, omitting the 
choking сой. Тһе arrangement of choking coils above suggested 
forms a simpler and more certain safeguard than the automatic switch. 
The cost may possibly be as great, but in this matter safety is the first 
consideration. The choking coils can be made to give valuable informa- 
‘tion about the machines. They are approximately at earth potential, 
and the voltages or currents they take might possibly be utilised to 
work safety appliances. 


Some one may object that, according to the above figures, the star- | 


points of the generators, instead of being kept at earth potential, differ 
from it by 109 or Soo volts. But the choking coils are not the cause of 
this, and nothing can possibly alter it, except those heavy earth currents 
which the automatic switch is designed to prevent, or such changes in 
the structure of the alternators as will do away with the third harmonic 
voltages. These voltages exist on the various parts of Mr. Rider's 
automatic switch, and are only reduced to zero on that switch which 
is connected to earth by producing a corresponding shift in the values 
of the line voltages to earth. 

ERNEST P. HOLLIS (communicated): The currents which flowed 
between the generators by way of their neutral wires when the 
star-points were earthed were undoubtedly due to the third 
harmonics. In а рарег 1 read before the Newcastle Local Section 
of the Institution, in January, 1907, 1 gave this point considerable 
attention. Many engineers prefer to have the earth circuit to the 
star-point of as low an impedance as possible to facilitate the clearing 
of cable faults when they occur, and for other reasons, At the time 
I suggested two schemes for limiting these harmonics : first, inserting 
an inductance in the earth circuit of cach generator, which, while hav- 
ing an impedance of pL to ordinary currents, had an impedance of 
3 $ L to the third harmonics ; secondly, “ resonating” the earth circuit. 
If a capacity K and an inductance L be introduced into the earth 
circuit, for currents of normal frequency, the impedance is given by 


pL— and for the third harmonics by 3 p L — Е 2 If, now, we 
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arrange the capacity and inductance so that р L —RR then the imped- 
ance to short circuit and other currents of normal frequency is o, and 
to the third harmonics itis 3p L —15 = 5р1. This impedance сап 
be raised to any desirable value without having the slightest effect on 
short-circuit currents, while the third harmonic currents, which are 
caused by only a slight difference of pressure, will be almost entirely 
eliminated. 

Мг. LEONARD ANDREWS (communicated): Mr. Rider has given us a 
very full statement of the result of an important experiment, viz., that 
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of abandoning the original scheme providing for two generating stations 
in the centre of the area of supply in favour of one larger station 
entirely outside that area, having the advantage of a waterside site. 
Two or three speakers eminently qualified to express an opinion upon 
the matter have entirely supported Mr. Rider's action, but many others 
who have closely studied the subject think that better results would 
have been attained with the original scheme. The settlement of such 
an important matter should not depend upon mere expressions of 
opinion but upon actual facts. The only solid fact contributed to 
the discussion, and having any bearing upon the matter, was Mr. 
Roger Smith's statement that ће is paying a lower price for coal of 
greater heating value delivered at his works at Park Royal. Mr. 
Rider's reply upon this point will be awaited with the greatest interest 
by many of us. . 

Мг. Hammond made а somewhat sweeping general statement that 
stations situated on riverside sites were the cheapest method of generat- 
ing electricity. Such a statement would have been of the greatest 
value if substantiated by actual particulars of capital and running 
costs that might be compared with other stations not having the 
advantages referred to, but working under otherwise similar con- 
ditions. Mr. Hammond added that Mr. Roger Smith contented 
himself by describing how cheaply coal could be obtained, but he 
did not enter into the condensing part of the question at all. It i5 
obvious that an important question of this nature can only be properly 
considered in its entirety ; but for the purpose of discussion it may 
be useful to compare the information Mr. Rider has given with some 
particulars available from various other sources. 

In the discussion of a recent paper read before this Institution the 
authors were taken to task for assuming a total capital expenditure of 
#14 per kilowatt installed complete with cooling towers, and were 
told that if a riverside site had been selected instead of cooling towers 
the capital outlay would have been considerably less. In view of this 
it is somewhat surprising that Mr. Rider's actual capital outlay of 22363 
per kilowatt installed for riverside plant has bcen allowed to pass with- 
out comment. 

Considering some of the items in detail, cooling towers for dealing 
with an output equal to that of the Greenwich station could have been 
erected complete for less than £30,000. Taking interest and sinking 
fund at 74 per cent., and adding 24 per cent. for maintenance and 
repairs, the fixed charges on the cooling towers would amount to 
43,000 per annum. Мг. Rider’s expenditure on pier and river work 
has been over £60,000. The repairs on this would probably be much 
lower than on the cooling towers, aud might be covered Бу 4 per cent. 
per annum, making a total annual charge of 8 per cent., or £4,500. The 
above item does not cover the very heavy capital outlay that must have 
been incurred in the claborate strainers that have been found neces- 
sary for dealing with Thames water. On the other hand, it may be 
argued that some of the expenditure under this heading should be 
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charged to coal-handling plant. I understand, however, that one of 
the advantages of the original Camberwell site was that an elevated 
siding would have been constructed in connection with the existing 
railway from which the coal could have been shot directly into the 
bunkers from the railway ¢rucks. It is probable, therefore, that the 
total cost of coal and ash-handling plant, under the original scheme, 
would not have amounted to more than Mr. Rider's cost of £18,500, 
plus the cost of the water strainers. It is often argued against cooling 
towers that they occupy so much extra ground space. The ground space 
required for cooling towers of the capacity under consideration would be 
about 5,000 square yards. Assuming a ground rent of 15. per yard рег 
annum, an additional expenditure of £250 per annum would be incurred 
under this heading, One of the disadvantages of cooling towers ts the 
amount of energy expended in pumping water to the top of the towers. 
It is estimated that the power required for dealing with the output Mr. 
Rider gives of 91 million units per annum would be 24 million units 
per annum, and taking the cost of this current at 0'34d. per unit, the 
annual charge under this heading would be £3,240. Another serious 
item is the cost of the extra make-up water evaporated from the cooling 
towers. In the case of the Camberwell site it was proposed to sink 
a well from which the water required could have been obtained at an 
estimated cost of less than 2d. per 1,000 gallons. Ц is estimated that 
the water evaporated from cooling towers would amount to 280,000,000 
gallons per annum, the cost of which, at 2d. per 1,000 gallons, would be 
42,340. 

Many engineers who have erected plants on riverside sites һауе had 
to contend with heavy additional outlay, owing to the difficulty of getting 
good foundations. At one riverside station which I visited a few weeks 
ago, the total cost of buildings had been £544 per kilowatt installed. 
Of this amount only £214 per kilowatt had been expended on the 
actual super-structure, the remaining £3°3 per kilowatt had been spent 
on costly foundations owing to the close proximity of the site to the 
river bed. It would be interesting to learn whether Mr. Rider's 
apparently very high capital outlay of 59:82 on land апа buildings 
is attributable to the same difficulty. 

It is sometimes argued that a lower fuel consumption will be 
obtained at a riverside station owing to the lower temperature of 
the cooling water. This docs not appear, however, to be borne out 
in practice. Mr. Riders fuel consumption of 3'1 Ibs. of coal per 
kilowatt-hour, the calorific value of the coal being 12,500 B.Th.U. 
per lb., corresponds to a thermal efficiency of 905 per cent. The 
fuel consumption at the Pinkston station of. the Glasgow tramways 
undertaking is 205 lbs. per kilowatt-hour, the calorific value of the 
coal being 12,000 B.Th.U. рег lb. The overall efficiency of the Glas- 
gow plant is, therefore, 073 per cent., or 0'25 higher than Mr. Rider's. 
The load factor of the Glasgow undertaking is only 375 per cent., 
against Mr. Riders 4775 per cent. Mr. Rider ћаз the supposed 
advantage of a plentiful supply of water at a low temperature, whereas 
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the Glasgow undertaking obtain their water from а canal, the flow 
of water in which is very small, and the intake and outlet of the 
circulating water pipes are within a few feet of each other. The 
result is—the temperature of the cooling water is often quite as high as it 
would be at the base of cooling towers if these were used. It appears, 
therefore, that any advantage in this respect must also be abandoned. 

The above items show on the whole some advantage in favour of 
water-side sites as compared with cooling towers. We have, however, 
to consider оп the other side the extra capital outlay on feeders 
with the extra transmission losses and the cost of converting that 
portion of the total current, which would have been generated as 
direct. current if the stations had been placed in central positions. 

It is practically impossible for an outside person to make any 
estimate of the high-tension feeder losses and extra capital charges 
without fuller particulars of the distribution of the load throughout the 
area. Тһе extra cost of converting a portion of the current to direct 
current can, however, be approximately estimated. 

It is understood that under the original scheme it was proposed to 
instal 6,000 k.w. as direct current, or 20 per cent. of thc total plant 
installed. It may be assumed, thercfore, that at least 20 per cent. of 
the total output would have been generated and distributed as direct 
current. Now, Mr. Snell in his paper on * Cost of Electrical Power 
for Industrial Purposes," * gave the difference in cost between E.H.T. 
current and direct current on a So per cent. load factor as 0'4664.—0'34 4d., 
from which it may be taken that the cost of conversion, including 
capital charges, is o'122d. for this load-factor. 

Тһе cost of converting 20 per cent. of 91,000,000 units will therefore 
be 18,200,000 units at 0`1224. = £9,250. 

It appears from the above that the advantages and disadvantages of 
a water-side site may be represented by the following balance-shect :— 


DR. CR. 
5 
Pier and river work, £60,000 Reduced transport ... А — 
at 8 per cent. SN ... 4,800 Cooling towers, £30,000 at 
Converting E. H.T. to direct IO per cent. 544 e. 3,000 
current, 18,200,000 units at Extra ground rent, 5,000 
o'122d. “ч isa ... 0,250 yards at 1s. 250 


Pumping water, 23 million 
units at 0734. vus ... 3,240 
Extra make-up water, 
280,000,000 gallons at 2d. 
per 1,000 ... iis Же 
Reduced coal consumption... — 
Debit balance in. addition to 
extra costs of transmission 5,220 


514,050 £14,050 


* Fournal of the Institution of Electrical Engineers, Vol, 40, р. 316, 1908. 
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It appears from the foregoing that at the time Mr. Rider started the 
Greenwich scheme there was little to choose, as far as generating 
charges are concerned, between the respective systems. Now, how- 
ever, since the economy and reliability of large gas engines have been 
proved, the entire aspect of the problem has become changed. 

At the present time it would Бе possible to put down gas-driven 
generating stations (one south and one north of the Thames) at a lower 
capital outlay than has been expended оп Mr. Rider's scheme, and to 
guarantce that the total annual running costs should not exceed £60,000 
for the output covered by Mr. Rider's running costs of £92,208. 

Mr. |. T. IRWIN (communicaled) : With reference to the breakdown 
of the end coils of the induction motors, Mr. Rider is not the only one 
who has had trouble of this kind, and as voltages get higher апа over- 
head wires subject to larger inductive effect from lighting discharges 
become more general, the trouble is likely to increasc instead of 
decrease. 
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Іп Fig. I, С, C, ... С, are the coils of ап induction motor, each 
of which has a capacity to earth. The problem that has to Бе solved 
is how to arrange that сусп for very rapid changes of pressure, such as 
those produced by switching on to the mains or short-circuiting the 
machine, the potential difference across each of the coils shall be 
approximately the same, and not be piled across one of the series. In 
considering the very rapid changes whicb operate in a case like this, 
we have to remember that a coil with a comparatively high inductance 
behaves almost like an insulator, and the capacity between turns is 
probably much more effective in allowing a current to flow through to 
the different coils than the copper portion of the circuit acting asa 
conductor. On the other hand, a condenser, for a very rapid change of 
voltage, acts as a short circuit. This gives us immediately the reason 
why all the voltage is piled across the first few turns of the first coil, 
as the capacity current of these turns to earth is so much greater than 
the capacity current flowing through the coil to raise the potential of 
the next coil. If the potential at a short distance along the first coil is 
nearly earth potential, and the potential at the end of the coil 5,000 or 
6,000 volts above earth, we have this difference of potential tending to 
cause breakdown in the insulation between the first few turns. 

To prevent a breakdown, the insulation on the end coil has to be 
increased, or else the rate of charge of potential has to be diminished, 
by putting a choking coil in series. From the above considerations, 
however, it is seen that another way to diminish the risk of breakdown 
would be to increase the capacity of one turn to the next, so as to allow 
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a capacity current to flow through the coil from turn to turn, and this 
is probably one of the reasons that the coil A to which Mr. Rider 
referred has given no trouble, as not only is the coil arranged for 
minimum potential between turns, but also the capacity between turns 
is fairly large, and this capacity diminishes the potential across the 
first few turns. To still further diminish the potential across the 
first coil and therefore across the first few turns we could shunt 
the first coil by a condenser, and this would allow a larger current 
to flow through to the second coil. 

If the condenser were very large the first coil would have no 
potential across it, and the second would now have the abnormal voltage 
across it and would break down. . If the capacity across the first coil 
from the switching end was equal to the effective capacity of the 
second coil to earth, then at the moment of switching on the potential 
across the mains would be practically equally shared by the first two 
coils. To make the potential divide equally between all the coils it 
is necessary to shunt them with condensers, except the one nearest the 
earth end. For rapid changes owing to their very high impedance 
the coils act only as one plate of a condenser, the other plate being the 
сазе of the machine. 


Ks K, K, К, 
E ЖЕ Жэ эж ла ала к ло E 
FIG. J. 


As shown in Fig. J, K, represents the effective capacity to earth 
of each coil. K, is the capacity of the condenser shunting the last 
but one coil. К, K, ..., К; are the capacities shunting the other coils 

It is easy to show that for practically equal potential difference 
per coil— 


( 
(1 + 2 + 3) 
(1+2 +3 + 4) 


К, is a very small capacity as the capacity of а coil to earth is 
very small, and the effective capacity is much smaller as only a few 
turns arc really effective. I estimate the effective capacity of the coils 
of the induction motors referred to at not more than 0'0003 of a micro- 
farad. As there are five coils per phase, the largest capacity would 
be ten times this, or o'003 of a microfarad. The four condensers 
required to distribute the potential equally would have capacities of 
0003, 0'0018, 0'0009 and о'0003 of a microfarad respectively, and 
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normally would have to stand a voltage of under 1,500, and even at 
switching on this should be the maximum potential for each condenser 
if the grading is correct. This method has the advantage over the 
choking coil that it can be left permanently connected, as the con- 
denser is of such small size that it could be attached to the coil which 
it protected, and would therefore safeguard the machine, in normal 
working, from damage from any rapid change of potential such as that 
due to a surge or a short circuit. It is very possible that the trouble in 
some stations due to the deterioration of the end coils is brought about 
frst of all by sparking between the turns owing to line disturbances, 
and once this sparkling starts it extends, as the pin-hole allows a 
brush discharge to pass, with the ultimate formation of nitric acid in 
Ше winding. 

The reason an oscillograph does not show the rapid rise of 
potential is that the frequency of the disturbance is of the order of 
a million per second, and probably the potential has become more 
ог less equal per coil in the hundred-thousandth of a second. There 
will not be a simple oscillation of charge іп the condensers, as the 
effective capacity to earth of each coil is altering with time. 

Мг. Е. Н. Jackson (communicated): Y should like to offer a few 
remarks upon the criticisms of Mr. Roberts, of the Post Office, and 
of Mr. Trezise, his assistant. The calculations made by the latter 
gentleman are really very extraordinary, and the conclusions arrived 
at are obviously obtained through starting upon an incorrect basis. 
I understand that Mr. Roberts is contemplating the use at his new Post 
Осе power station of a straining apparatus of a novel character of his 
own design, and as yet untried, which it is proposed to fix in the suction 
of the pumps. It will be interesting to see the result. With the 
system adopted at Greenwich, where the whole pipe run, including the 
strainers, is enclosed, and full advantage is taken of syphon action, the 
head to be dealt with is merely that due to friction, and in such cases a 
total of 15 ft. is not generally exceeded. This includes the automatic 
washing of the strainer and the return of all débris to the source of 
supply. 

Coming now to actual working results, at Bankside, where strainers 
аге in use dealing with a load of 19,000 k.w., and the circulating pumps 
are driven by continuous-current motors, capable of speed regulation, it 
Is found possible to carry a 27-in. vacuum on а 4,000-5,000- k. w. load 
with an expenditure in pumping power of 30 k.w. (a little over } рег 
cent.) and this with a large strainer in action capable of dealing with 
1,030,000 gallons per hour. As all the water by-passed in this large 
xrainer is included in the pumping, the figures given Бу Mr. Trezise 
cannot be correct. In a recent case at an important works the by- 
Passed leakage did not exceed го per cent. at 1 load straining capacity, 
and at greater loads the percentage is reduced almost in inverse 
proportion. 

іп large-sized plants, and where it is desired to deal with heads 
o considerable amount, we recommend a division of the pumping 
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between two pumps, which can be arranged to balance the pressure 
across the strainer, thus avoiding all leakage. Mr. Roberts and Mr. 
Trezise adversely criticise {һе position of the strainer at Greenwich on 
the discharge of the pump. Of course, if desired, the strainer could be 
arranged on the suction, but practical considerations are involved, and 
I think there can be few who with knowledge of centrifugal pumping 
(particularly with Thames water, charged as it is with mud and various 
gases of unpleasant nature) will not appreciate the advantages of a tight 
suction. Mr. Trezise is also under the impression that the best 
efficiency is to be obtained by the use of a multiplicity of constant speed 
pumps of various sizes to suit the load. Our experience at Bankside 
leads to quite a different conclusion, and I have no hesitation in saying 
that in practice опе or two variable speed pumps will beat the other 
arrangement every time. It is also an interesting fact that notwith- 
standing the fancied great defects of the Dailey & Jackson rotary 
strainer, a large one has been ordered, and is now being erected 
at the new Post Office power station, and although so adversely 
criticised in advance, it will, I venture to think, after actual use, mect 
with the same appreciation there as in other large works. 


DiscussioN AT DUBLIN, APRIL 8, 1909. 


Mr. W. Brew: In Figs. 29 and зо the author gives wave-forms 
taken between phases and between phase and neutral. These wave- 
forms differ considerably, and it is evident that a pronounced third 
harmonic exists in the wave from phase to neutral, whereas the wave 
between phases appears of nearly sine-form. I would like to ask the 
author if he has analysed any of these wave-forms, and whether these 
curves were traced or photographed? І may say that under зоте 
conditions with traced curves one finds evidence of a third harmonic 
in the wave between phases. This may possibly be accounted for by 
experimental errors, although if the amplitude and wave-form of each 
phase voltage of the generator was not precisely the same, one might 
get evidence of a third and other odd harmonic between phases. 

I should also be interested to know what were found to be the 
approximate values of the circulating currents attributed to the 
presence of odd harmonics in the wave-form. Harmonic analysis 
of some wave-forms in common use shows that the amplitude between 
pbase and neutral of the third harmonic may be 20 per cent. of that of 
the fundamental wave, or the effective voltage of the third harmonic 
may be approximately 1,300 volts, with a voltage between phases of 
6,600 volts. Now the impedance of one phase winding at the funda- 
mental frequency will vary with the size and type of generator, and 
may be anything between, say, 4 and ro ohms. If we assume an 
average combination of plant, consisting of generators with irregular 
wave-form paralleled with another generator with a sine wave, it is 
probable that the combined impedance of the path taken by the triple- 
frequency currents would not be less than 5 ohms at the fundamental 
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frequency ; but there is undoubted evidence that the impedance will 
not be three times this amount at the triple frequency. If, in the 
absence of experiment, we assume a value of то ohms,.we see that 
we might expect circulating currents of the order of 130 amperes 
between {һе machines. 

There is a further effect not referred to by the author, which has in 
some cases caused trouble where we have electrical plant subject to 
à uniform turning moment in combination with other plant subject to 
an irregular angular velocity. For instauce, if we have a large motor- 
generator in a sub-station and a reciprocating engine in the generating 
station, it may happen that the natural period of phase swing of the 
rotor of the motor may coincide more or less with the crank irregu- 
larity of the engine. In such cases an alternate transfer of energy 
results, causing an objectionable surge upon the circuits. In the 
Greenwich station turbine-driven alternators are paralleled with 
alternators driven by reciprocating engines, and a phase surge is 
likely to be sct up at heavy loads, causing more or less surging upon 
the circuits. It would be interesting to know whether Mr. Rider has 
experienced trouble from this effect. 

With regard to the practice of earthing one gencrator only, the 
apparatus described by the author is certainly ingenious, and it 15 
obvious that machines differing in wave-form can be paralleled by 
this method, which would otherwise cause trouble with their neutral 
points connected up solid. ‘There are one ог two difficulties, however, 
which strike me in connection with this apparatus. The first is (if I 
understand the working of the switch correctly) that for some interval 
between the shutting down of the earthed machine and the reconnec- 
tion of another running machine, the neutral points of all the genera- 
tors would be insulated from earth. Тһе effect of this would probably 
not be of so much importance in Mr. Rider's case, because the neutral 
point of each generator is, I understand, highly insulated ; but in those 
cases where instruments are connected direct in the phase windings at 
the neutral points, I think it would prove a scrious objection. If we 
supposed also this system of earthing applied to a station іп which 
generators of widely differing outputs are installed, say, between 
joo Клу. апа 5,000 К.м. output, the phase winding of the small 
generators might have too large an impedance to open a feeder 
relay switch on fault, whilst the impedance of the large generators 
might be unnecessarily small. However, as the length of feeders will 
уагу considerably, no great refinement in keeping the fault current 
within a definite limit is necessary. Looking at the apparatus from 
the point of view of simple earthing devices which have been in use 
up to the present, it seems somewhat complicated and costly; but 
existing pilot switches and other gear have been utilised in its installa- 
tion, and have possibly rendered it as cheap an arrangement as could 
have been adopted. 

An alternative in Mr. Rider's case would have been to reconstruct 
the pole-tips of some of the existing generators to render the wave-form 
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of each approximately the same, which would undoubtedly have been 
more costly. Тһе objects to be aimed at in earthing in such cases аге:- 


I. To maintain the correct relative potential to earth of each 
phase of the system under normal working conditions. 

2. In case of a fault, to restrict the current through the fault to 
that sufficient to clear the faulty feeder. 


I am strongly of the opinion that for this purpose a choking coil or 
transformer combination could be designed for any given set of con- 
ditions without proving too expensive as regards first cost, and it would 
possess the advantages of simplicity, permanent earthing, and a fixed 
limit for the fault current. 

Мг. W. TATLOW: I should like to point out the very favourable 
results obtained with the 3,500-k.w. sets in regard to power required 
for excitation and for driving the auxiliaries. The 50 К.м. provided for 
excitation represents only 1'4 per cent. of the full output, and the power 
expended on the air pumps and feed pumps amounts to approximately 
I per cent. and 4 per cent. respectively of the full output. "The ingeni- 
ous arrangement provided for keeping clear the screens on the intake 
pipes for the condensing water is somewhat similar to a device invented 
by the late Lord Rosse and used in connection with the water turbincs 
at Birr Castle. А revolving cylindrical screen with a vertical axis is 
used, a small portion of the water being allowed to escape through 
a by-wash and traversing the screen in the reverse direction so as to 
carry away all material caught on the screen. 

By combining the results of the trial tests on the boilers and engines 
given in the paper, we arrive at a fraction over 2 lbs. of coal per unit 
generated. Тһе figure 371 lbs. per unit delivered to the sub-stations is 
given as the result obtained under actual working conditions. ‘This 
seems very good, seeing that it covers standby losses, power used in 
auxiliaries, and losses in transmission. I suggest that in the case of 
a steam turbine station, where there is no oil in the condensed water, 
the make-up feed water should be evaporated in special low-pressure 
shell boilers, and introduced as steam into the low-pressure portion of 
the turbines. The water in the high-pressure water-tube boilers would 
thus be maintained practically pure and the blowing down of these 
boilers obviated. Owing to the good return obtained from low-pressure 
steam in turbines, the slight loss in efficiency would be more than 
covered by the saving obtained by not having to blow down the high- 
pressure boilers, and by the improved evaporation due to absence of 
scale or sediment in them. The idea of running up the short-circuited 
rotor induction motors of the motor-generators from the direct-current 
side is a very good one, as, except in the matter of starting, the per- 
manently short-circuited rotor is vastly superior to a wound rotor with 
slip rings. 

Mr. А. C. Porte: I would like to inquire if the author has had 
any trouble with the contact plugs on the wharf and the connection 
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between them and the cranes. The apparent anomaly in the figures 
given for calorific values of coal on pages 241 and 244 referred to by Mr. 
Gill are no doubt due to the tests having been taken beforethe standard 
of 12,500 B.Th.U. was set. In my opinion, the results given on page 244 
are very good indeed, and with coal of 12,500 B. Th.U. would be better 
still, say, 10:5 Ibs. of water evaporated per Ib. of coal and others in 
proportion, the advantage of the higher calorific value being shown 
in the reduction in power required in auxiliary plant. The author's 
method of purchasing his coal on the calorific value, and his code of 
rules for the merchant's guidance and protection are excellent ; the 
simple method of weighing is also worthy of note. In fact, so faras I 
have been able to study the author's description, I have found the true 
engineer's fundamental rule of simplicity with efficiency everywhere 
evident, and I very much regret that lack of time has prevented me 
from entering more fully into its discussion. 

Mr. J. P. TiERNEY : I agree with the remarks of Mr. Sheardown as to 
the great practical value of the paper, and consider the Greenwich station 
an excellent example of the good results to be obtained by having, 
when possible, the station designed by the man who is to be respon- 
sible for running it afterwards. The adoption of link connections at 
the back of the street feeler pillar slabs is a very wise precaution 
agunst the damage consequent on the closing of wrong switches ; 
also the testing panel in the sub-stations, to enable the rapid localising 
of a fault oa the conduit, is very necessary, and is well designed. If 
possible I would like to have fuller details of the arrangement for 
cleansing the circulating water for the condensers. 

Mr. P. S. SHEARDOWN: This paper contains a straightforward 
description of a system designed on a basis of maximum simplicity. 
Not only is this idea of simplicity in design put prominently forward 
in the paper, but it is also very noticeable oa a visit to the Greenwich 
station. This simplicity of design is probably due to the fact that the 
designer of the station is the engineer responsible for its operation. 
It is only the engineer who has had many years experience of 
station running who realises the advantage of having not only the 
apparatus but its grouping and connections as simple, and their use 
as obvious as possible. When trouble occurs in the station the length 
of time taken in rectifying it is often due to the difficulty in ascertain- 
ing exactly where the fault is and the extent to which the trouble 
cripples the system, and if this occurs in a box of mysteries which few 
in the station understand, the length of time during which a system or 
section of a system is shut down is often much greater than it should be. 

The results obtained in the boiler tests after six months' running are 
good, and, as the author points out, are probably due to the large space 
for combustion before the gases соте into contact with the tubes ; and 
although a large combustion space has been known for a long time to 
be correct, it is remarkable that this knowledge has not sooncr come 
to be applied to everyday practice. With regard to CO, recorders, 
these are useful assistants, and would well repay the necessary skilled 
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attention which they require, but rarely receive. With regard to water 
purifiers, the speaker has obtained excellent results from the Davis- 
Perrett system of treating the water with a current of electricity which 
causes the small particles of oil to coagulate so that they can be filtered 
out by an ordinary self-cleaning sand filter. Тһе advantages of this 
method are that no chemicals are added to the feed water, and the 
flow of purified water is always under observation. With reference 
to the rc-heating of steam in the receiver, some tests made by the 
speaker on a compound Corliss engine appeared to prove that the 
increase of efficiency in steam consumption used in the cylinders 
was just counterbalanced by the live steam used in the heating coils. 
The Parsons vacuum augmentor is a simple arrangement by which the 
vacuum obtained with any given size condensing plant can be much 
improved, the principle being to recondense the vapour of condensa- 
tion as it passes from the main condenser to the air pump, thusincreas- 
ing the capacity of an air pump of any given size. With reference to 
the automatic carthing arrangement for the central point of the 
generator windings, the author appears in this case to have departed 
from the basis of maximum simplicity, and to have installed what gives 
one the idea of a complicated apparatus to perform a very simple duty. 

Mr. J. Н. RIDER (т reply): I am much gratified at the lengthy 
discussion to which my paper has given rise, but I am sorry that there 
was not time for me to rcply at the meeting, as I would much preferred 
to have said what I have to say before the members than to have given 
it in writing, with the prospect that my remarks will be read after the 
interest which was aroused by the paper has subsided. 

I do not intend to deal with each speaker in turn, but rather to 
reply to the remarks under various heads. I will first deal with the 
question of the change of site for the generating station from Camberwell 
to Greenwich, a matter which was touched upon largely by Mr. Roger 
Smith. 

It is not surprising that Mr. Smith, who was associated with Messrs. 
Kennedy and Jenkin, the consulting enginecrs to the Council at the 
time, should feel somewhat strongly upon the matter of the change of 
site, which I was instrumental in arranging so soon after I was ap- 
pointed to my present post, but I can assure him that I was not 
concerned so much with the feelings either of the consulting engineers 
or of myself as with the fact that I was convinced the proposed site at 
Camberwell was an incorrect one, and that it was my duty to my 
employers to advise them to make a change. 

I think Mr. Smith, in his remarks, missed the real point, as I did 
not make any comparison whatever between the Greenwich site and 
the site of his station at Park Royal. My comparisons were rather 
between the Greenwich site and the site at Camberwell. Mr. Smith 
asks if I consider the change to have been justified by the results, and 
my answer is most distinctly, Yes. At the end of his remarks he has 
added a paragraph asking me what I have done with the 3s. per ton 
alleged to be saved on coal carriage. И Mr. Smith will refer to the last 
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published balance-sheet of the London County Council Tramways, he 
will see the saving as part of the net profit shown on the tramways 
undertaking. If it had not been for the saving on coal carriage, that 
net profit would have bcen so much less. 

Mr. Smith appears to argue that because he can obtain coal at Park 
Royal at a price comparable with that which we have to pay at Green- 
wich, the change from Camberwell to Greenwich was not justified. I 
do not find any fault with Park Royal as a site for a station for the 
Great Western Railway service, as it is on their line, and he has all the 
facilities which their big organisation can give him in the way of coal 
carriage, etc. But such facilities were non-existent at Camberwell. 
Does Mr. Smith remember that it was proposed to build a railway 
siding from the South-Eastern and Chatham line on to the Camberwell 
station site, and that the railway company made a stipulation “that the 
use of the siding should be restricted to three hours in the night-time” 7 
(see London County Council Minutes, July 16, 1901). How much would 
this restriction have added to the cost of the fuel, and would it have 
been physically possible to have dealt with a station requiring 150,000 
tons of coal per annum if the coal could only be brought on to the site 
for three hours out of the twenty-four ? 

I have never argued that a river site is necessarily the best for all 
generating stations, as everything must depend upon the kind of service 
which the station has to perform, and the area which it ћаз (о serve. ТЕ 
I wanted to build a station for the lighting of my house at Herne Hill, I 
should put it in the coal cellar, and not on the River Thames. If Mr. 
Smith wants a station for lighting the Paddington Railway Station, and 
for a supply in the immediate vicinity of that place, he has probably 
done quite right to place it at Park Royal; but for a station to supply 
the tramways of the London County Council, of a size such as we now 
have, there is, and can be, only one proper place, and that is on the 
banks of the River Thames. 

I am quite content to leave this issue in thc hands of my brother 
engineers, as 1 am sure that they will agree with my arguments, and I 
particularly wish to thank Mr. Ferranti for the opinion which he ex- 
pressed in his remarks—that it was a great achievement on my part to 
have been able toalter the arrangements of the London County Council, 
and to persuade them that they were not doing the right thing by building 
the station at Camberwell. | 

The difference in the cost of carriage of coal at 3s. рег ton between 
Camberwell and Greenwich was given after I had obtained a number of 
particulars from large coal merchants. 1 have just confirmed them by 
a letter from the largest coal merchants in London, who tell me that if 
they had to deliver Scotch coal in truck at Camberwell, the cost would 
be 2s. 3d. per ton more than for Scotch coal delivered at Greenwich, 
and this on thc assumption that the facilities for unloading would be 
equally good at Camberwell. Mr. Smith is using Midland coals at Park 
Royal, and I am aware that Scotch coal would be out of the question in 
his casc, as the carriage would be prohibitive. I am able, with a river 
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site, to obtain coal from a very much larger range of coal-fields than can 
Mr. Smith at Park Royal, as the South Wales coal-fields, the Yorkshire 
coal-ficlds, and the Scotch coal-fields are all practically equally acces- 
sible. 

'The other facilities which the Greenwich site gave over the onc at 
Camber well in the question of condensing were not touched upon at all 
by Mr. Smith. If we had remained at Camberwell, we should have had 
to use, as pointed out in the paper, either cooling towers or non- 
condensing engines. The extra coal consumption in the latter case 
would have been very great, while the use of cooling towers would 
have most certainly proved a public nuisance, and probably resulted in 
an attempt to obtain an injunction. I doubt very much whether the 
site at Camberwell would have been large enough to have contained 
cooling towers sufficient for dealing with the cooling of about 
22,000,000 lbs. of condensing water per hour. И such cooling towers 
had been used, there would certainly have been no room for the station. 

As I stated before, I am not quarrelling with the choice of the site 
at Park Royal for the use of the Great Western Railway, but I cannot 
accept the figure given by Mr. Smith of o2181d. рег kilowatt-hour 
delivercd to sub-stations, because such figure refers only to two months' 
work, and we can all get good figures if we only take a period short 
enough. І can give much better ones than that for Greenwich, but I 
would prefer to discuss Mr. Smith's costs when he will read a paper 
before the Institution on his own station, and will give details in it as 
fully as I have done in my paper. 

Mr. Smith appears to object to water carriage of coal, and as he is 
the loyal servant of a large railway company, I can quite understand 
his position. The old fable is still true, “There is nothing like 
leather " ! 

Mr. Salter is of the opinion that a great saving would have been 
made in the capital expenditure on the transmission system if the 
generating station had been placed somewhere in the neighbourhood 
of Southwark. Iam glad he agrees with the use of a riverside site, but 
I am. afraid that he does not know London very well, or he would 
realise not only that a site in Southwark on the river would make the 
station very objectionable because of its proximity to the City, but also 
that any saving on transmission cables would probably be more than 
counterbalanced by the extra cost of the coal, considering that such a 
site would be above several of the London bridges. Тһе Greenwich 
station is not so much out of the centre of the system as some people 
imagine. It must be remembered that, although in the east of London, 
it is 4 miles westward of the lines in Abbey Wood which we аге now 
supplying. 

Notwithstanding Mr. Andrew's criticisms of the Greenwich figures, 
I am glad that he agrees with me that at the time the Greenwich 
scheme was proposed there was little to choose between it and an 
inland site. In view of Mr. Andrews’ well-known partiality for gas- 
engine inland stations, I may take this as being a compliment. 
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I come next to ош picr arrangements. Mr. Martin Roberts 
considers that the use of a live rail at 550 volts on the pier is rather 
dangerous where sailors and others will land from ships. I would 
remind him that we do not give any landing facilities to the crews of 
vessels over our pier. I was unable to use overhead wires for the 
locomotives because they would have interfered with the swinging of 
the jibs, and the conduit system was out of the question. Мо trouble 
has been experienced with the contact plugs and connections to the 
coaling cranes. 

I am sorry that I have given credit to the wrong person for the 
design of the safety gear for the coal conveyers. I had not scen the 
particular arrangement we have until it was introduced to me by 
Messrs. Spencer & Co., but I am glad to know that other people had 
used it and found it successful. 

The conditions of contract which we are able to obtain with our 
coal merchants were apparently of great interest to the members, and I 
ат very glad of this, as I believe we were thc very first to get them put 
into practice, at any rate on a large scale. I quite agree with Mr. 
Sparks that once the coal has been taken from the ship into the 
bunkers it is a very difficult matter to reject it, but we must reserve 
such a power in the contract, or the coal contractor would have us 
entirely at his mercy. 

Mr. O’Brien asks the size of the coal used at Greenwich. The peas 
measure from 3 in. to Jin. Iam glad to note that ће is able to obtain 
washed coal with less than 10 рег cent. of moisture. By giving the 
contractor that figure as a basis, he is rewarded in the price by any- 
thing better which he can do, and, in my experience, I have not found 
10 per cent. to be an improper figure as a basis. 

Mr. Patchell remarks that the use of washed nuts restricts the class 
of coal I quite agree that this is so, but washed coal has very many 
advantages, and so far we have not found any difficulty in getting the 
kind of coal asked for. 

Coming next to the boiler plant, Mr. O'Brien thinks that 25 per cent. 
spare is too much. I do not agree with him, because to get the best 
results from one's boiler plant the boilers must be kept in the pink of 
condition. When we remember that the tubes have to be frequently 
Cleaned, the brickwork and the grates frequently repaired, апа that 
the Boiler Insurance Inspector makes periodical visits, it will rcadily 
be seen that three boilers out of every four are quite sufficient to 
have under steam at one time. It must also be remembered. that 
something like 80 per cent. of our working costs is expended on coal 
alone, and that, therefore, we cannot afford to let the boilers run such 
а length of time without thorough cleaning, as would in any way 
increase the fuel consumed per lb. of water evaporated. 

Mr. Patchell asks whether the figure of 3,320 sq. ft. given on 
Table IL. of the paper includes the heating surface of the super-heater. 
lt does not. He is of the opinion that our boiler units are too small, 
but he must not forget that I was handicapped in this matter by the 
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fact which I mentioned early in the paper, that tenders were let for the 
first set (16) of boilers, before I was appointed, and that this · set 
the pace for me, at any rate in the first section of the station. The 
Babcock boilers, which have since been erected, are considerably 
larger than the original Stirling boilers. Larger boilers than those we 
now have would have required greater head-room, and so have 
increased the cost of buildings preceptibly. 

In reply to Mr. Clark, the water in Table. II. was measured by 
means of calibrated tanks. I should be glad if he would publish 
complete figures of the working of Lot's Road Station for comparison. 

In his remarks on our steam-pipe system, Mr. O'Brien thinks that 
the separators which we use are an unuecessary expense, and he asks 
how much water is collected in them. Г do not agree with him that 
they are unnecessary, although we do not, under our present conditions 
of working, get a large quantity of water. Іп my opinion, success with 
a steam-pipe system can only be assured by making provison for 
large quantities of water, and then super-heating to ensure that no 
water is ever formed. ‘This may be considered somewhat extravagant, 
but, in our case, has been warranted by the results. 

I am somewhat surprised that more remarks were not made con- 
cerning our arrangement of reciprocating engines with the high- 
pressure cylinder vertical and the low-pressure. cylinder horizontal, 
working on a common crank pin. I was much criticised by an 
anonymous writer when the design was first published, but my 
experience has been that they are without question the best type for a 
reciprocating engine of large power. We can start up without any 
previous preparation, and have the alternator synchronised and in 
parallel on the busbars at any time under S minutes, which is, I 
think, a good performance. 

Mr. Sparks thinks that a speed of 94 revs. per minute is too high for 
Corliss gear, but this must depend somewhat upon the design of the 
gear. Certainly a lower speed is usual, but this would have increased 
the cost of both engine and generator considerably, and I have not 
found that the speed we have adopted is in any way too high for the 
satisfactory operation of the gear under all the conditions of load. 

Mr. Sparks asks why we adopted 6,600 volts and 25 cycles for the 
main transmission system. "The voltage was adopted as being low 
enough to get rid of manv of the electrical troubles which have been 
experienced at higher pressures, while still high enough to give 
satisfactory economy over the area to be supplied. I do not consider 
one should take into account only the extreme distance of the area in 
deciding upon the voltage. One should take the load density in the 
various parts and endeavour to get a voltage suitable for the most 
economical transmission to the average distance, average here taking 
into account both distance and density of load. 

Mr. Sayers criticises the use of 6,60» volts as being too low, because 
we happen to have a feeder which is то miles long. Ithink he should, 
in fairness, have mentioned the fact also that we have some feeders 
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which аге only і mile long, and have argued therefrom that the 
voltage which we have adopted is far too high for efficient transmission 
to such a short distance. 

Mr. Patchell asks why the reciprocating engines were ordered with 
a power factor of 94 per cent., aud the turbo generators with a power 
factor of 85 per cent. The answer is merely that experience showed 
the lower power factor to be the one most likely to be reached in 
actual work. The power factor on the plant, as a whole, is, at full load 
from 9o per cent. to 93 per cent. ; at half load from 8o per cent. to 
85 per cent., and at light load during tlie night-time about 70 per cent. 
This answers a question also asked by Mr. B. Jenkin. 

I agree with Mr. Bailey in his remarks as to the great loss of heat 
when blowing down the boilers, and am interested to hear that there is 
a method of removing the oil from the condenser water which will 
obviate the water becoming too alkaline. I have never hcard, however, 
of the barium alumina process mentioned by him, and should be glad 
to receive further particulars of it. Of course the blowing-down 
difficulty does not exist when we are dealing only with turbines, as 
no oil is used with the steam, and, therefore, when the Greenwich 
station is fully equipped, and the reciprocating engines form only а 
comparatively small proportion of the total plant, the trouble will have 
much diminished. 

Mr. Patchell asks as to the level of the water in the artesian well 
tube as compared with Ordnance Datum. Тһе top of the tube is 
5:88 ft. above Ordnance Datum, and the level of the water being 5 ft. 
below the bottom of the tube is, therefore, about о'88 ft. above 
Ordnance Datum. Replying to him also, the Kennedy water meters 
are on the delivery side of the boiler feed pumps, but although thesc 
mcters are the best so far that I have been able to obtain, they are still 
very unsatisfactory, and frequently allow so much water to pass with- 
out measuring it, that for some time I have given up the use of any 
meters at all. I am now considering whether it will be possible to use 
a modification of the Lea recorder for this purpose. 

Mr. Martin Roberts asks if we have found any economy in the use 
of turbines over reciprocating engines. After taking into account the 
extra losses in the auxiliary plant, such as the amount of power used 
for pumping the condensing water, etc., I am pleased to state that 
we have found considerable economies, not necessarily because the 
turbines are in themselves more economical than reciprocating engines 
at certain loads, but because their characteristics have enabled us to 
get the best result from both them and the reciprocating engines. 
That is to say, last year, the year for which the figures were given in 
my paper, we had to work the reciprocating engines largely on over- 
load, with the result that the steam consumption per kilowatt-hour was 
excessive. This year, however, we are able to put a heavy constant 
load on the turbines, to work them at their most economical point, and 
to use the reciprocating engines for filling up the hollows, keeping 
them at their most economical point also, i.e., at about three-quarters 
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of full load. Мо trouble whatever is experienced in running the 
turbines and reciprocating engines in parallel. Тһе coal consumption 
per unit delivered to sub-stations has decreased Бу something like 
20 per cent. since the beginning of 1909. 

Mr. O Brien asks some questions with reference to the clearances 
in the Willans turbines, and I have pleasure in giving the following 
particulars :— 


Radially between rotor blades and casing, between 0:033 in. and 
07102 in. 

Radially between stator blades and shaft, between 0:040 in. and 
O'ISt in. 

Axially between rotor blades and stator blades, 072 in. 


These clearances were measured cold, as I háve not been able to arrive 
at any satisfactory means of measuring them hot. 

The impulse turbine was not adopted for the other two turbine- 
sets now on order because 1 hoped to obtain any more reliability with 
them on account of larger radial clearances, and I am not able to say 
what the effect of blade erosion may be, but I hope to be fully in- 
formed on these and other points in connection with impulse turbines 
in the course of a усаг or so. 

Before dealing with the remarks on the Greenwich switchgear, I 
wish to point out an error which has crept into Fig. 14 of the paper. 
This was pointed out to me by Mr. Frank Walker immediately my 
paper was published, but unfortunately it was too late to make the 
correction in the figure. Mr. Clark drew attention to this mistake in 
his remarks, and it is that the static transformers are shown as being 
fed by duplicate feeders coming from the same section busbars, and 
the local sub-station at Greenwich is shown as being fed in the same 
manner. This is a mistake in the diagram, as both the static trans- 
formers and the local sub-station are fed with their duplicate mains 
coming from independent busbar sections. In fact, throughout the 
whole system, those sub.stations which would be dependent upon one 
another for a supply in case of failure of any main feeder аге fed from 
independent busbar sections. 

А considerable amount of interest was shown, not only in the dis- 
cussion, but afterwards in the technical papers, in the automatic 
earthing switchgear which I described, and I am afraid there is a little 
misconception as to the size of the gear, its complication, and its cost. 
Scveral speakers referred to the fact that in their particular stations no 
cross-currents between machines were noticed, and that, therefore, 
there was no need for a device which would only earth one machine. 
This is hardly the point, as the real value of earthing only one machine 
is to limit the effect in the station of an carth on the mains outside. И 
all the machines are connected together to a common earth, the effect 
of an external earth is to bring down the voltage of the whole station 
pending the opening of the circuit breaker on the faulty feeder. Іп 
our case the effect is only felt on one machine, and since this earthing 
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resistance has been in use at Greenwich it has been most beneficial for Mr. Rider 
this reason. 

I am sorry that the illustration of the earthing switch in Fig. 19 did 
not give any idea of its dimensions. И is, however, quite a small affair, 
and measures only 304 in. long x 22 in. wide х 22} in. high, and its 
cost was under £50. This does not, of course, include the cost of the 
resistance. itself, which was built up of cast-iron grids similar to the 
resistances used on the cars. 

The machines are left unearthed during the short interval in which 
the automatic switch is revolving after one machine has been shut 
down. This interval, however, is only for 2 or 3 seconds, and 
the risk of any accident happening outside at that time is so remote 
as to be entirely negligible. If an earth did take place during switching 
operations the closing of the automatic earthing switch would only 
have the same effect as though the earthing switch had been previously 
closed, and the earth had come from outside afterwards. 

Mr. Brazil raises an interesting point, which is that if we run the 
Greenwich station with the busbars divided only one of those bars 
would be earthed by the automatic switch. This is quite correct, but 
as the dividing of the busbars would only be done in the unlikely 
event of being unable to run in parallel for some unknown reason, we 
should close the earthing switch on one machine on each side by hand 
and cut out the automatic apparatus for the time being. 

I am not competent to enter into a discussion as to the relative 
advantages of ohmic resistances, inductive resistances, or combina- 
tions of the two for use in earthing machines, as I am content to know 
that the earthing apparatus we are using at Greenwich is most effective 
and satisfactory. I was interested, however, to read in one of the tech- 
nical papers a short time ago an article deprecating the use of inductive 
resistances for earthing machines. 

Mr. Brazil asks for information regarding the working of the spark- 
gaps, but I regret that I am not able to say how these operate, as so 
faras І am aware we have had no rises of pressure sufficient to bring 
them into use. Mr. Forrest asks if the spark-gaps ever operated before 
the star-point was earthed at the generating station. The star-points 
have always been earthed, as is clear from the paper, and I therefore 
cannot understand the object of his question. | 

Мг. Clothier's remarks оп the switchgear at Greenwich and his 
alternative design are very interesting. I hope it will never be said 
that finality has been reached, and certainly Mr. Clothier's design 
shows that even the Greenwich switchgear, which, when it was 
designed, was as simple as was then known, can be made still 
simpler. I am very glad that he is working towards simplicity in 
design, because, in my opinion, a simple apparatus is one which will 
be far less likely to go wrong than one which is more complicated. 

Mr. Snell asks why we place the switch cells on the third gallery. 
There would have been no saving of cables to have placed them on 
the ground floor unless the isolating plugs and trifurcating boxes had 
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been there as well. The idea was to get the cells, with their switches, 
well out of the way, where they would not be likely to cause trouble 
if anything should happen. 

Mr. Trezise asks for further information respectiug the arrange- 
ment of the Greenwich switchgear. We use insulated handles for the 
isolating plugs as a double precaution. Wooden tongs are used to pull 
them out, although, in my opinion, it will be quite safe to handle them. 
We do not use the ordinary pattern of knife switch with hook, because 
it is not nearly such a mechanical job. 

Mr. Edgcumbe made some interesting remarks on the use of reverse- 
current relays. On two occasions when our relays should have acted 
they failed to do so, and in one case fortunately for из. In one case 
the shunt circuit of an exciter was accidentally broken while the 
machine was on the busbars. Тһе relay, however, did not open 
the circuit. In the other case the automatic stop valve on one of 
the reciprocating engines was accidently tripped, cutting off all the 
steam from the engine. The engine merely motored, and the attend- 
ant was able, by gradually opening the automatic valve, to put full 
load on the generator again without in any way interfering with the 
supply or disconnecting the machine. 

As the whole aim of the station should be to maintain an outside 
supply under all conditions, I think we should rely upon nothing but 
a hand-operated switch for pulling a machine out of circuit in the 
event of a failure of the machine itself, and not allow any automatic 
apparatus to be capable of doing so. Automatic apparatus frequently 
fails to operate at the critical moment, and the simpler one can make 
the switchgear of a large station the better. 

Mr. Salter criticises the use of storage batteries at Greenwich, but 
if he will read the paper again he will see that their great use is as a 
standby for the power and lighting circuits of the station, for the 
operation of the switchgear, and, when necessary, for the boiler feed 
pumps. Their use in this manner is entirely justified, but with our 
load factor could not be justified for the sub-stations. 

Coming next to the remarks on our condenser water arrangement 
I was interested in the little duel between Messrs. Bailey and Roberts. 
Each being the designer of a rival strainer, it was natural that each 
should be able to see points of demerit in the other's design. 

Mr. Bailey, however, is incorrect in stating that the leakage of 
I5 per cent. across his strainer at Greenwich is duc either to a high 
head of 30 ft. or to the pipes being too small. I give below the figures 
of some tests made on November 26, 1907, and some further tests made 
on March 30, 1909, from which it will be seen that although the head 
on the pump may be higher than 30 ft., the highest head we have 
measured on the strainer, 1.е., the difference of pressure between the 
inlet and outlet sides, is only 19 ft. It must not be forgotten that we 
have to provide a head of at least 10 ft. across the inlet and outlet on 
our turbine condensers, and to do this at the end of an engine-room 
400 ft. long means a higher head in the pump house. 
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From recent experience with the Bailey rotary strainer we have 
found the leakage increasing, and are now endeavouring to adopt some 
easy means of taking up the wear on the strainer wheels, so as to bring 
the leakage down to an adjustable minimum. І see that Mr. Jackson 
recommends the use of two pumps in series, one on each side of the 
strainer, so as to reduce the head on the strainer itself, but this will 
complicate matters very considerably. 

Mr. Trezise asks how much water is used for sealing round the 
strainer wheel. I regret that I cannot tell him, as it is taken by a 
small pipe from the tank on the pump-house roof, and I have no 
mcans either of measuring it or of knowing what it costs. I shall 
be very interested to see the result of the working of the Roberts 


Tests TAKEN ON BAILEY AND JACKSON ROTARY STRAINER. 


"ECC E 


Pressure on Strainer.| Actual 


Gallons per Minute. Head 


across 
Flow. Return. | Strainer, 
November 26, 1907 : 
Feet. Feet Feet. | 
13,000 44 28 16 | 
13,420 43 28 15 m conden- 
sers of recipro- 
13,450 43 271 154 | cating engines. 
13,600 47 31$ 144 
March 30, 1909 : 
: Supplying conden- 
10,000 344 154 19 | sers ОҒ turbine. 


strainer at the Post Office station as soon as that station is really 
ready. 

Mr. Roberts asks if the barometric pipes arc of any use, and Mr. 
Clark inquires as to the Venturi water meters and the vacuum which 
the air pumps maintain for the barometric pipes. If the barometric 
pipes are placed in the right position, 1.е., at the highest points of the 
delivery system, they will be effective. Each Venturi meter will pass 
about 12,000 gallons per minute, and the vacuum at which we work 
on the barometric pipes is about 25 in. 

Mr. Partridge has criticised the use of alternating-current motors 
for driving the centrifugal pumps, and until we had adopted the system 
of earthing only one generator we had occasional trouble due to the 
slowing down of these motors when a heavy short took place outside. 
Since we made the alteration in the earthing resistance we have had 
no trouble whatever, and the simplicity of the motors is a great point 
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‘in their favour. We have been running our present motors for over 


three years without the slightest hitch or trouble due to the motors 
themselves, and I think their advantages from the point of view of 
simplicity are very much greater than any possible disadvantages, par- 
ticularly when the trouble caused by the brush-gear and commutator 
of a direct-current motor is taken into account. 

Mr. Patchell asks how much condensing water we use for the tur- 
bines. We are using about sixty times the weight of steam, which is, 
of course, ап amount considerably in excess of that needed for the 
lower vacuum necessary for reciprocating engines. 

Mr. Patchell congratulates me with having returned to normal ways 
of thinking in rating my plant on its normal capacity and not on the 
Parliamentary capacity. If he will refer to the tables which I pre- 
sented to Committees of the House in 1906 and 1907, on behalf of the 
London County Council, he will see that I always gave the output of 
the stations in terms of their normal or rated capacity. He must be 
mistaking me for some other distinguished engineer ! 

The remarks which were made about the sub-station plant were 
excecdingly interesting, and raised a number of important points. Mr. 
Jenkin asks why I did not mention more difficulties than those with 
piston rings and coil failures of motor-generators. The answer is, 
because we have had no difficultics to speak of other than these. 1 
agree with him that spark-gaps properly adjusted may be used to show 
rises of pressure on the stator coils, but they are not the best kind of 
things to be experimenting, with on a live tramway system, 

· Several speakers asked why I did not use rotary converters. The 
answer is, simply because I considered motor-generators to be more 
advantageous for our purpose. I realise that there are advantages and 
disadvantages in both types of machincs, but it seemed to me, with the 
experience at my disposal when our designs were first got out, that the 
motor-generator was to be preferred, I really should refer this parti- 
cular matter to Mr. Hallo, the reader of the next paper, because his 
answer would be, “Use neither motor-generators nor rotary con- 
verters, but La Cour motor converters.” Asa matter of fact, we have 
two 1,500-k.w. rotaries now on order. 

Mr. Patchell is in error in assuming that we have gone in entirely 
for induction machines, as, if he will refer to page 273 of the paper, 
he will see that we have a considerable capacity in synchronous 
machines. 

Mr. Jenkin asks for the relative efficiencies of the sub-stations using 
synchronous and induction machines. І can only take tests under 
daily working conditions, but, speaking generally, I find that the sub- 
stations with induction machines show a higher efficiency, The average 
of all our synchronous sub-stations is 73:5 per cent., and of all our 
induction sub-stations 82:1 per cent. This may be due either to the 
fact that the induction machines are of larger individual capacity, or 
that the induction machine sub-stations аге: gencrally able to run at а 
higher output per machine than the synchronous machine sub-stations, 
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and the figures given should not be taken as being by апу means соп- 
clusive that a higher average emuendy can be got out of one type of 
machine rather than another. 


- I am afraid there is a misunderstanding with reference to the 
figures given on page 273 of the paper, as Mr. Snell thinks that we have. 
made arrangements for 33 per cent. of spare plant in each of our sub- ` 


stations. This is not so, as we have nothing like one-third spare plant 
as a rule. We are generally working on our overload capacity, and 
frequently up to so per cent. overload on the sub-station plant at peak 
times. The figures on page 273 were merely intended to show that we 
had sufficient capacity in the sub-stations for the possible plant which 
could be put into Greenwich. 

Mr. Sparks asks about the diversity factor of 1°25. This is not 
reckoned on momentary overloads, but is taken on thc average of the 
readings of the kilowatt meters. 

Mr. Partridge’s remarks as to the use of a water resistance for 
starting up the motor-gencrators arc interesting, and although he has 
successfully used such resistances for small single-phase motors of 
2,000 volts pressure, I should not like to use them for large 3-phase 
machines at a pressure of 6,600 volts between phases. I think choking 
coils are much simpler and quite as effective. 

I do not agree with Mr. Sayers’s suggestion that the breakdowns 
which we have experienced on the terminal coils of the motor-gene- 
rators have bcen caused by any mechanical movement in switching on. 
The particular experiments which he mentions as having been carried 
out on certain of our machines were made on an older type by Messrs. 
Dick, Kerr & Co., Ltd., the coils being hand wound.. Such coils have 
not anything like the stiffness of the newer type, such as are shown in 
E, Fig. 25, and built to the specification given in the paper. Аза 
matter of fact, we have had practically no breakdowns on motor- 
generators of the type referred to by Mr. Sayers. 

I have not taken any curves of the current rushes on switching in a 
motor-generator, but I am hoping to do so shortly. In my opinion the 
breakdowns have been due entirely to the reasons given in the paper— 
i.e., to the fact that, at the moment of switching on, the busbar pres- 
sure is practically concentrated not only on the end coils, but on 
the end turns of those coils. 

It is interesting to note that an engineer of Mr. Sayers's experience 
does not recommend rotary converters, but I am not able to agree 
altogether with his recommendation of La Cour motor converters, 
possibly because I have not myself had experience with them. 

Mr. Howe made зоте interesting remarks, which were, however, 
more suitable for the college lecture-room than for engineers who have 
to deal with actual live systems. His suggestion that we should use a 
series of condensers mav be excellent in theory, but would not, I think, 
prove very efficient in practice. I do not know where we should find 
room for the condensers, as there is generally no frce space about the 
coils of a machine. АП such auxiliary high-tension apparatus should 
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be, as far as possible, taken away, and a cure obtained by building the 
coils of the machines in such a way that they will stand the high 
pressure to which they may be subjected. 

Mr. Salter is evidently of the opinion that the high units per car- 
mile referred to by several speakers, which I deal with more particu- 
larly later, are to be accounted for by the fact that we use shunt-wound 
machines in our sub-stations. I do not sce why he should doubt my 
word that shunt-wound machines have been and are being uscd in 
order to get machines and switchgear of the simplest possible kind. 
This is the fact, and the simplicity is certainly worth getting, more 
particularly as the use of shunt-wound machines has not made any 
practical difference to the pressure regulation of the system. 

How the use of a shunt-wound machine can have anything to do 
with the inherent defects of the conduit system I cannot make out, as 
such inherent defects are due entirely to the fact that it is a conduit, 
and have nothing whatever to do with the system of clectrical fecding. 
Mr. Salter is apparently under the impression that our shunt-wound 
machines regulate very badly, that we have thc full pressure of 
550 volts only ou open circuit, and that as soon as any load comes оп 
the pressure falls very rapidly, with the result that the cars take more 
amperes to do their work. Asa matter of fact, the load at our sub: 
stations is remarkably uniform, and І am sorry that I am not able to 
publish a pressure curve. I should, however, at any time be pleased to 
show Mr. Salter, ог any other anxious inquirer in this direction, the 
working of our sub-stations, when he would see that the use of shunt- 
wound machines docs not materially affect the pressure on the conductor 
bars in the conduit. 

Several speakers drew attention to the fact that the units per car- 
mile taken by the London County Council cars were much greater 
than those in other cities, notably Glasgow, with which we were un- 
favourably compared. No comparisons or figures of this kind were 
given in the paper, but I have no objection to dealing with them, as I 
think they are very interesting. 

In speaking of units per car-mile, one is bound to ask, in the first 
place, what is meant by the term “car-mile.” No fair comparisons 
can ever be made of the energy taken by the various tramway systems 
unless the whole of the circumstances are known and are taken into 
account. Тһе published returns of tramway undertakings state the 
units per car-mile, without any reference (а) to the places or points 
where the units are measured, (b) to the weights or speeds of the cars, 
or (c) to the character of the roads. In a return for the year ended 
March 31, 1008, in a leading tramway journal, the figures for some 
78 undertakings are given, and the units per car-mile varied 
from 0953 to 2724, a difference of no less than 135 per cent. Such 
returns аге not only of no value—thcy are distinctly misleading. 

The electrical energy may be measured at a number of places, 
depending largely upon the method of production, and whether the 
tramway authority generates or purchases its energy. For example, 
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the meters may be fixed (1) іп the cars, (2) in the low-pressure feeder Mr. Rider. 
pillars, (3) in the low-pressure feeders at the generating (or sub-) 

stations, (4) in the high-pressure feeders in the sub-stations, or (5) in 

the high-pressure feeders in the generating station. 

Examples of all the above methods could be given from actual 
practice, and the results obtained from (4) and (5) are frequently ren- 
dered more confusing by including the energy used for lighting car- 
sheds, stations, and other depóts. As a matter of fact, no place at 
which energy should be measured can be stated as being the correct 
one, unless it is first decided what is to be included in the measure- 
ment, and for what purpose the measurement is to be made. 

If the Tramways Department purchases its energy either in the form 
of low-tension direct current fit for immediate use on the cars, or as 
high-tension energy which has to be transformed, the measurement 
will usually be made at the point or points of delivery from the supply 
authority. In such cases the measured units would be taken as those 
to be quoted in the tramway return, and with some reason, but they 
would not necessarily be correct to be used in comparison with other 
systems. 

The use of the term “ car-mile" as a unit of comparison is almost 
universal in the tramways industry. In the days of horse-cars, when 
sizes and speeds of cars were practically uniform, it was perhaps as 
satisfactory a term as could be used, but for electric traction it is, in my 
opinion, entirely unsuitable. 

The power required to drive the car depends primarily on three 
things—its speed, its weight, and the gradient of the road. Іп fact, 
the power is directly proportional $0 each of the first two, and if either 
the speed or the weight of the car be doubled, the power required is 
doubled also. Now,to take theactual figures quoted in the discussion— 
of Glasgow, 1°25 units per car-mile, and London, 2°24 units per car-mile 
— Г have been able, through the courtesy of Mr. J. Dalrymple, to obtain 
detailed figures from Glasgow, from which I find that, to make a direct 
comparison with the London figures, the units per car-mile should be 
1:34, as the figure of 1:25 does not include anything for sub-station 
lighting or for use in car-sheds or depots. The London figure includes 
all these items. 

The Glasgow cars weigh on the average, with the passengers, 
13 tons ; while in London the cars weigh, under similar circumstances, 
19$ tons. In Glasgow the average specd is 7:93 miles per hour, and in 
London 8:75 miles per hour. If these figures be worked out, it will 
be seen that the units per comparable car-mile are practically the same 
in each case. 

In my opinion the term “ car-mile" should be discarded, and all 
comparisons between systems should be made by a “figure of merit,” 
or by dividing the results per car-mile x 100% by another figure 


* An arbitrary multiplier used to bring the result to a figure similar to the present 
" units per car-mile." 
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obtained by multiplying together the average weight of the cars in tons, 
and the average specd of the cars in miles per hour thus :— 


Units per car-mile Х 100 


$$$ ees figure of merit. 
Average weight in tons X average speed in m.p.h. Б 


Аз an example of the application of this suggestion, we тау take 
the figures of Glasgow and London mentioned above, and it will be 
scen that the— 


energy figure of merit for Glasgow — dou оа 1299, 


13 tons X 793 m.p.h. - 


uu | __ 2'24 units X 100 
energy figure of merit for London == 19:5 tons X 87s m.p.hi. 


== 7312, 


or practically the same, without making any allowance whatever for 
the most important condition, that of traffic obstructions. In London 
these are much worse than in Glasgow, and the heavier the cars the 
greater the loss due to frequent starting and stopping to avoid other 
traffic. On certain of the County Council roads the energy per car- 
mile is as much as 25 per cent. less on Sundays than that taken during 
weekdays for this reason alone. After making, therefore, the allowance 
to London which is only fair under these circumstances, it will Бе seen 
that the units per car-mile used are nothing at all out of the ordinary. 

I am afraid that I have missed many points raised by several of the 
speakers, but the length of my reply is already getting as great as that 
of the paper 15016, and I must therefore draw to a conclusion. Many 
of the points have been answered by others, and if I have unwittingly 
omitted to reply to any of the points which were specifically asked for, 
I am sorry, and hope that, at some future date, when the station at 
Greenwich is completed, and the electrification of the remaining lines 
carried out by the Council, I may be able to supplement this paper by 
another one giving the final figures. 

I must express my thanks to the menibers for the excellent manner 
in which the paper was discussed, and particularly to the Council for 
having awarded me the Institution premium. 

The PREsIDENT : The pleasant duty now remains to me of asking you 
to accord a very hearty vote of thanks to Mr. Rider for the paper he has 
read. It is a long time since we gave up three nights to the dis- 
cussion of any one paper ; but the Council gave the time because it was 
felt thc paper was a very important and valuable one, and that it was of 
great importance to take the opportunity of eliciting as much informa- 
tion as we could from those who have taken part in the discussion. 
The author has had a great compliment paid to him by the valuable 
discussion that has taken placc. I wish to thank him personally for 
contributing the paper. When you did me the honour of making me 
your President, the first person I went to for a good, practical paper to 
be read during my term of office was Mr. Rider, and this is the paper. 
I ask you to accord a hearty vote of thanks to him. 

The resolution of thanks was carried by acclamation. 
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Proceedings of the Four Hundred апа Ninety-second 
Ordinarv General Meeting of the Institution 
of Electrical Engineers, held in the Rooms of 
the Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
April 1, 1909— Mr. W. M. Мокрку, President, 
in the chair. 


The Minutes of the Ordinary General Meeting held on Thursday, 
April 25, 1909, were taken as read and confirmed. 


The list of candidates for election into the Institution was tal en as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was announced as having bcen 
approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members— 
William Brown. Herbert B. Harvey. 
William Bucbanan. Clifford Lakin-Smith. 

Herbert W. Umney. 


From the class of Associates to that of Members— 
Arthur E. C. Burgess. 


From the class of Associates to that of Associate Members— 
Robert C. Pierce. 


From the class of Students to that of Associate Members— 


Henry G. Andrews. Harold W. Fulcher. 
John T. Atkinson. Egerton B. Hunter. 
Henry P. Baynham. B. Leigh. 

Edward Stanley Byng. Frederick H. Masters. 
Percy James Clears. John Edward Minchin. 
Raymond Correa. Alfred Т. Morris. 

A. E. H. Dinham-Peren. Graham L. Porter. 


John G. Potts. 
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From the class of Students to that of Associates— 
Joseph Chatwin-D'Horschel. 


The adjourned discussion on Mr. ). Н. Rider's paper, “Тһе 
Electrical System of the London County Council Tramways," was 
resumed (see page 300). 


The meeting adjourned at 9.45 p.m. 
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Proceedings of the Four Hundred and Ninety-third 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
April 22, 1909— Mr. W. M. Мокреу, President, 


in the chair. 


The minutes of the Ordinary General Meeting held on April r, 
1909, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was announced as having bcen 
approved by the Council :— 


TRANSFERS. 
From the class of Associate Members to that of Members :— 


William Henry Upton Mar- | _ Theodore Schontheil. 
shall. Harold Harman Simmons. 


From the class of Associates to that of Members :— 
Alexander Davidson. 


From the class of Associates to that of Associate Members :— 
Allan Arthur. Edmund R. Spence. 


Arthur Е. Т. Atchison. John Price Strange. 
Percy A. Spalding. Capt. Richard F. Willis. 


From the class of Students о that of Associate Members :— 


Randal S. Callender. Sam Birdwood Reid. 
Matthew H. Curry. Guy Septimus Rose. 
Leslie H. Davies. Thos. Yeo Sherwell. 
William Henry M. Parr. Edward D. Spencer. 
Reginald W. Penny. Ashton L. Trickett. 
Thos. Alex. Pudan. Thos. F. Wall. 


Owen John Williams. 


Messrs. А. Н. Allen and C. W. Smith were appointed scrutincers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 
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ELECTIONS. 

As Members. 
Bernard Price. | William Ryle Wright. | 

As Associate Members. 

Herbert Arthur Brimelow. Frank B. Leonard. 
George Broadhurst. Leonard Hinchliffe Marlor. 
Charles Edward Brotherton. Frederick Disney Napier. 
William Anderson Brown. Charles Elliott Fowlds 
Alexander Gerald Cuthbert. Parker. 
Matthew M. McC. Hoey. Philip Septimus Pitt. 
Arthur Ineson. Thomas S. Shenton. 
Arthur Cyril Jennings. William Sedgwick Stafford. 
James Leadbeater. Herbert Van Dieman. 


As Associates. 
Basil Condon Battye, Licut. | George Christopher Lloyd. 
К.Е. | 
As Sludents. 


William Arthur A. Page. 
Brij Lal Pasricha. 
Frederick Н. Stott. 


George William Flynn. 
John Barker Hartley. 
John Mould. 

Percy Charles Organ. 


Donations to the Library were announccd as having been received 
since the last meeting from B. Blount, W. Duddell, F.R.S., The Engi- 
necring Standards Committee, The Gresham Publishing Company, 
C. Griffin & Со., A. Hands, Professor A. Jamicson ; to the Building Fund 
from W. A. Del Маг, W. McGeoch, jun., N. Tesla ; and to the Benevolent 
Fund from T. Н. Minshall, to whom the thanks of the meeting were 
duly accorded. О 


The Presivent read the following list of Council nominations for 
election to the Council for the ensuing Session :— 


MEMBERS NOMINATED BY THE COUNCIL FOR OFFICE, 
1909-10. 


As President. 
New Nomination DR. GisBERT КАРР. 


As Vice-Presidents. 
Remaining in Office. COLONEL Н. С. L. HOLDEN, R.A., F.R.S. 
Sirk Н. Н. CUNYNGHAME, K.C.B. 


New Nominations |, DUDDELL, F.R.S 
5. EVERSHED. 
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As Ordinary Members of Council. 


Ок. E. HOPKINSON. 

J. W. Јасомв-Ноор. 

T. MATHER, F.R.S. 

Maor W. A. J. O'Meara, C.M.G. 
Remaining in Office; W. H. PATCHELL. 

W. RUTHERFORD. 

J. F. C. SNELL. 

G. STONEY. 

A. H. WALTON. 


W. W. Cook. 

G. K. S. ELPHINSTONE. 
p W. Jupp. 

New Nominations м. М: MORRERON 

J. Н. RIDER. 

C. Н. WORDINGHAM. 


=== 


As Associate Members of Council. 


H. HUMAN. 


Remaining in Office г 
£ f J. E. TAYLOR. 


New Nomination Е. RUssELL CLARKE. 


As Honorary Treasurer. 


For Re-election ROBERT HAMMOND. 


As Honorary Auditors. 


: . Н. ALABASTER, 
For Re-clection i | { 
SIDNEY SHARP. 


The adjourned discussion on Mr. John Н. Rider's paper, * The 
Electrical System of the London County Council Tramways,” was 
concluded (see page 317). 

The meeting adjourned at 9.30 p.m. 
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Proceedings of the Four Hundred and Ninety-fourth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the rooms of 
the Royal Society of Arts, John Street, Adelphi 
W.C.,on Thursday evening, May 6, 1909— Mr. 
W. M. Мокреу, President, in the chair. 


The minutes of the Ordinary General Meeting, held on April 22, 
1909, were taken as read and confirmed. 

The list of candidates for election into the Institution was taken 
as read. 

The following list of transfers was announced as having been 
approved by {һе Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members— 
Charles J. Beaver. William Johnston. 
Sydney E. Britton. Frederick W. Lacey. 
Julius Frith. Roland Marshall. 
William Eversley Hardy. Charles Mittelhausen. 

Theodore Stevens. 


From the class of Associates to that of Associate Members— 


Ernest Coates. Ernest M. Martin. 
James Fraser. Thomas А. Mitchell. 
Frederick E. Kennard. Thomas F. Purves. 


Robert Alexander Ure. 


From the class of Students to that of Associate Members— 


Claud J. Elliott. Henry А. Pickett. 
Charles H. D. Lang. Harry R. Speyer. 
Horace H. Leage. William Gilbert Turner. 
William S. Lonsdale. Mitchell H. Upton. 
Herbert Pearce. Cyril Е. Upward. 


Bernard P. Walker. 


Messrs. W. James and J. Н. Johnson were appointed scrutincers of 
the ballot, and, at the end of the meeting, the following were declared 
to have been duly elected :— 


1909. | ELECTIONS. DONATIONS TO BUILDING FUND, ETC. 873 


ELECTIONS. 


As Members. 


Professor Comfort A. Adams. | Aubrey Victor Clayton. 
Archibald Page. 


As Associale Members. 
Albert Frederick Coates. Alexander Paterson Robertson. 
William Holmes. Ernest Morris Outram Scott. 
Edward Lionel Joseph. Stanley Parker Smith. 
George Edward Francis Webber. 


As Students. 


Edward Stephen Coombes. | Vincent Henry Matthew McMahon 
John Frederick Daniels. William Walter Pullen. 
Leonard Wallis. 


Donations to the Building Fund were announced as having been 
received since the last meeting from J. Kynoch, G. C. Lloyd, F. 
Tischendorfer, and to the Benevolent Fund from L. Birks, and the 
Building Trades' Gift to the Nation, to whom the thanks of the meeting 
were duly accorded. 

А paper (see page 374) by Mr. Н. S. Hallo, entitled, “Тһе Theory 
and Application of Motor Converters," was read and discussed. 

The meeting adjourned at 9.40 p.m. 
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THE THEORY AND APPLICATION OF MOTOR 
CONVERTERS. 


Ву Н. S. HALLO. 
(Paper received December 21, 1908, and read in London оп May 6, 1909.) 


I. INTRODUCTION. 


Until the ycar 1904—as far as this country was concerned—there 
were only two classes of machines in gencral use for the conversion of 
alternating current into continuous current, these being the motor- 
generator and the rotary converter. 

The alternating-current side of the motor-generator may be of the 
synchronous or of the induction type. In both cases the stator wind- 
ing may be wound for high tension, but not so with the rotary converter, 
the additional complication of static transformers being necessary. 
Though the efficiency of rotary converters in conjunction with static 
transformers is much higher than the efficiency of motor-generators, 
and though the initial cost may also show a decided advantage, the 
rotary converter has made but little headway in this country. "This is 
mainly due to the fact that the great majority of alternating-current 
plants are designed for 5o СХ per second, and for well-known 
reasons the rotary converter is not very suitable for this class of work. 
For 25-^w circuits, however, the rotary converter is a serious com- 
petitor of the motor-generator, though even in this case each system 
has its advantages and its limitations. 

As stated above, the rotary converter has advantages on the points 
of efficiency and first cost. With regard to starting up from the 
alternating-current side, however, the motor-generator—when of the 
induction type— shows many advantages, there being no skill whatever 
required for this performance. One might think, at first sight, that the 
synchronous machine stands on equal footing with the rotary as far as 
starting is concerned. This, however, is not the case, since with the 
motor-generator there is no liability of the polarity on the continuous- 
current side becoming reversed at starting up—a contingency which 
has often given trouble with the rotary converter, necessitating the use 
of more complicated switchgear by the introduction of double-pole 
change-over switches, or other contrivances. 

The characteristics and the regulation of the continuous-current 
side of the motor-generator may be adapted to all requirements, and 
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аге entirely independent of the alternating-current supply, whereas the 
direct-current voltage in the case of a rotary bears a constant ratio to 
the alternating-current voltage, and is affected by fluctuations of that 
voltage. Of course, it is possible to regulate the direct-current voltage 
of a'rotary within narrow limits by the aid of choking coils or similar 
means, but for wide rcgulation of voltage an additional booster is 
required, which materially affects the simplicity of ІШЕ plant, the first 
cost, and efficiency. 

The synchronous motor-generator, moreover, is the better machine 
if reversibility is required. Certainly a rotary is reversible in theory, 
but as soon as wattless currents are taken from the alternating-current 
side the rotary shows a tendency to race. 

From the point of view of hunting the induction motor-generator is 
certainly the safer machine, and the synchronous motor-generator is in 
this respect far superior to the rotary ; this has becn amply borne out 
by experience gained on both sides of the Atlantic. 

The latter point is especially marked in the case of the so-cycle 
rotaries, which, moreover, have the additional disadvantage of a great 
number of poles, the distance between adjacent sets of brushes thus 
being small notwithstanding the large diameter of commutator. 

There is also the difficulty with these machines of finding room for 
commutating poles, which have been adopted in recent designs as a 
necessary adjunct. 

From this short summary it will be noticed that it is small wonder 
the motor-generator, especially for 50-period circuits, held the field in 
spite of its low efficiency and high first cost. 

Since the year 1904, however, a new machine for the conversion of 
alternating into direct current has been put upon the British market 
under the name of “ motor converter." * 

It is claimed that this machine combines the good points of both the 
other systems, whilst it avoids their defects. It is self-starting, yet runs 
synchronously when up to speed—the synchronising force being so strong 
that it is almost impossible for the machine to fall out of step. The 
characteristics of the continuous-current side may be adapted to any 
ordinary requirements ; its voltage may be regulated by adjusting 
the shunt resistance, and it can further be arranged as a 3-wire 
generator, when it will automatically deal with very large out-of-balance 
currents. There is no possibility of reversal of polarity as with the 
rotary converter. The efficiency is substantially higher than that of a 
motor-generator of the same output, and is nearly equal to that of 
arotary with its transformers. It is reversible, and even when supply- 
ing current to modern induction motors its regulation is excellent. Тһе 
first cost is less than that of a motor-generator, and when a large voltage 
variation is required the motor converter works out considerably cheaper 
even than the rotary, alternating-current boosters being necessary with 
the latter machines in such circumstances. Furthermore, the motor 


% This machine was patented by Messrs. J. L. la Cour and О. 8. Bragstad іп the 
year 1902, 
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converter takes up considerably less floor space than either of the 
former types of converting plant. This statement is borne out in 
practice, as therc are several installations where, by the adoption of 
motor converters, plant of considerably greater capacity has been put 
into the space available than would have been possible with either of 
the previous types. 

Under these conditions one cannot wonder that the motor converter 
has made such rapid headway, and that by this time almost two hundred 
converters, with an aggregate capacity of over 80,000 k.w., have been 
installed. Seeing that the motor converter thus plays such an important 
part in modern sub-station practice, and that the literature on the subject 
is very scarce, the author of the present paper trusts that a short explana- 
tion of the principle, operation, desigm, and characteristics of this 
interesting machine may prove acceptable. 


II. PRINCIPLE. 


The motor converter consists of an ordinary induction motor with 
wound rotor and a continuous-current machine, rigidly coupled and 
arranged with either two or three bearings, according to individual 
circumstances. Fig. т shows the general appearance of such соп- 
verters of the three-hearing type, the rotor and armature of which are 
clearly shown in Fig. 2. In the latter illustration it will be noticed 
that the rotor and armature are not only mechanically, but also ејес- 
trically coupled. 

Fig. 3 shows the diagram of connections of a motor converter in 
its simplest form. Тһе stator winding is shown as a star-connected 
3-рһаве winding, but it is evident that the winding may also be mesh 
connected, or wound for any desired number of phases. Тһе currents 
in this stator winding set up a rotating magnetic field, revolving with 
a speed depending upon the number of poles for which the stator is 
wound. This rotating field induces E.M.F.'s in the rotor windings, 
which are connected to corresponding points of the direct-current 
armaturc. | 

To make connections clearer the rotor winding in diagram Fig. 3 
is shown with nine phases, although the majority of converters have 
been built with twelve phases. Three of the phases are connected to 
a suitable 3-phase starter through slip rings. Тһе excitation of the 
field coils is effected in the same way as with an ordinary direct- 
current generator. 

For the sake of simplicity it may now be assumed that the induction 
motor and the direct-current machine have the same number of poles 
(in the case shown in the diagram, two poles) and, deferring for the 
moment the consideration of starting, let us assume that rotor and 
armature are running at a speed corresponding to half the frequency 
of the primary circuit, In other words, the rotor is running with 
So per cent. slip, and the rotating field set up by the primary currents 
induces in the rotor windings a series of E.M.F.'s, which have half the 
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frequency of the primary circuit. Since the number of poles of the 
continuous-current machine is assumed to be equal to that of the induc- 


| Field coils 


Stator winding 
Fic. 3.—Diagram of Connections of Motor Converter, 


netiis 
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tion motor and the armature is rotating at a speed corresponding to 

һай the frequency of the supply circuit, it is obvious that {һе E.M.F.'s 

induced in the armature windings have also half the frequency of the 
VoL, 48, 25 
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primary circuit. For this reason it is possible to connect the rotor and 
armature windings together—provided they are wound with a suitable 
number of turns—when {Бег E.M.F.'s are equal and in phase, and 
when this is done the speed remains constant and the two machines 
connected in tandem behave as a single synchronous machine. This 
will at once be realised when we study the influence of the rotor 
currents upon the magnetic field of the continuous-current machine. 
Naturally, in order that the E.M.F.’s induced in rotor and armature 
winding shall balance cach other, the connections between them have 
to be made so that the rotating field set up by the rotor currents, when 
flowing through the armature, revolves in the opposite direction to the 
shaft. That is to say, this rotating field is motionless as long as the 
speed keeps constant, and it is the action between this field and the one 
set up by the magnet winding of the continuous-current machine which 
keeps the machine in synchronism, in exactly the same manner as in 
an ordinary synchronous motor. A variation in speed means a relative 
displacement of the two aforementioned fields, and this sets up syn- 
chronising currents just as in a synchronous motor, the only difference 
being that the large number of phases in the motor converter accounts 
for an extra strong synchronising force. 

As the induction motor rotates at a speed corresponding to half the 
primary frequency, half the electrical energy supplied to the stator will 
be converted into mechanical energy and transmitted by means of the 
shaft to the direct-current machine, whilst the other half of the energy 
supplied is transferred through the rotor winding to the armature 
winding in the form of electrical energy. Thus the induction motor 
operates half as motor and half as transformer, whilst the continuous- 
current machine operates half as ordinary dynamo and half as rotary 
converter. As the rating of the induction motor depends on the speed 
of the rotating field and not on that of the rotor, the motor is theoreti- 
cally half as large as though with the given number of revolutions it 
had to convert the whole of the energy led in into mechanical cnergy. 
The converter runs at a speed corresponding to half the primary 
frequency, which is more advantageous with regard to commutation ; 
consequently it is made of smaller proportions than an ordinary 
continuous-current generator or converter for the same output and 
primary frequency. 

Thus far we have only considered the case where induction motor 
aud converter have the same number of poles. This condition, how- 
ever, is not necessary. When the numbers of poles arc different the 
converter set will not run at a speed corresponding to half the frequency 
of the supply circuit, but it will at once be clear that the speed must 
necessarily be inversely proportional to the sum of the number of poles 
of both machines. We thus find :— 
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where— 
п = revolutions per minute. 
с = periods per second. 


fa = number of pairs of poles of induction motor. 
№. = number of pairs of poles of continuous-current machine. 


Expressing fa + је as f, we can say generally: The induction motor 


P. 


converts — of the total supplied energy into mechanical energy, 


P 
Pe 


whereas the proportion b is transferred through the rotor winding to 


the direct-current armature. Consequently the direct-current side 
deals with А of the energy supplied as а rotary converter and with 5 
as an ordinary dynamo. 

From this it will be seen that a further reduction of size of the 
induction motor is possible by taking р, > ја. Of course, р. should not 
be too small, otherwise the stator winding end connections would 
become unduly long'; moreover, it is well known that for any дігесі- 
current machine of a given output there is a definite number of poles 
which will sccure maximum economy in construction, and it will be 
well to take this into consideration when determining f, and р. 


III. STARTING. 


The starting and running-up of a motor converter from the alter- 
nating-cucrent side is a very simple matter. In starting, the alternating 
current—high or low tension—is supplied direct to the stator winding 
(see Fig. 3) and induces currents in the phase windings of the rotor. 
At first only three of the nine or twelve phase-windings on the rotor 
are utilised. These are connected, as shown, through slip rings and an 
external resistance to a neutral point. The external resistance is non- 
inductive, and is gradually cut out as the speed of the machine increases. 
The other ends of these three phase-windings are permanently connected 
to the converter armature winding. "The direct-current side, of course, 
is disconnected from the busbars and arranged for sclf-excitation. It 
will be seen that the machine now starts up as an ordinary induction 
motor. Meantime, the continuous-current end is building up its field. 
When the machine approaches synchronous speed, the E. M.F.'siuduced 
in rotor and armature will alternately be in opposition aud conjunction, 
and consequently the current flowing in the starter will alternately be 
small and largc, causing {һе needle of the voltmeter, which is connected 
across the starter resistance, to swing slowly over the scale. Тһе 
periodicity of the oscillations of this needle will gradually decrease 
until at last it will remain at rest near the zero-point, indicating that 
the machine is running synchronously. Тһе starter can now be short- 
circuited, and afterwards the short circuiter, shown in Fig. 2 close to 
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the slip rings, pushed home. This last operation brings all phase 
windings of the rotor into use. 

In practice it will be found necessary to insert resistance in the 
shunt circuit in order to bring the machine up to speed without taking 
excessive currents from the supply mains. This is quite obvious, if we 
bear in mind that the direct-current armature is really—through the 
rotor winding—also connected to the starter, and as long as the fre- 
quencies of the currents induced in the rotor and armature are not the 
same the currents flow independently of one another. For this reason 
a fixed proportion of the resistance of the shunt regulator is kept in 
circuit during the operation of synchronising. It is found advisable to 
adjust the starter and shunt resistance so that the machine first runs 
slightly over synchronous speed, to come down later automatically 
owing to the stronger excitation at the higher speed. The machine 
will then approach the synchronous speed very slowly, because the 
excitation—and thus the tendency of the machine to drop in speed— 
decreases rapidly with decreasing speed. Itis possible to adjust starter 


FIG. 4.—Diagram of Connections of Single-phase Motor Converter. 


and shunt resistance so that no regulation whatever is required during 
the starting period, the attendant simply waiting for the moment to 
short circuit the starter and put in the short circuiter. 

It will thus be seen that paralleling these converters is not at all 
the troublesome operation usually associated with synchronising alter- 
natuig-current machines, but, on the other hand, is so simple that little 
skill is required for its performance, the converter coming into syn- 
chronism automatically, according to its size, within 1 to 14 minutes 
after the current is switched on. Moreover the single voltmeter, 
connected as shown in the diagram, constitutes the whole of the syn- 
chronising apparatus required, thus conducing to the greatest simplicity 
in the lay-out of the sub-station. The starting current is usually about 
30 per cent. of the full-load current. 

In the case of a single-phase converter it is, of course, necessary to 
put an auxiliary winding on the stator to produce a starting torque. 
This is shown in Fig. 4, where the auxiliary winding is marked A W. 
In this case a self-induction L is put in series with the auxiliary wind- 
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ing for the purpose of getting the required phase-displacement. It will 
be noticed that the direct-current machine is provided with an атог- 
tisseur Am. to damp the pulsations of the field produced by the rotor 
currents. 

Naturally, the motor converter can also be started up from the 
direct-current side, in which case an ordinary direct-current starter 
and standard synchronising gear for the high-tension side is required. 
In order to reduce the starting current to a minimum it is well to keep 
the short circuiter open until the machine has made a few revolutions ; 
otherwise part of the current will flow through the rotor windings and 
thus be inactive. The difference in starting current with open and 
closed short circuiter is usually about 25 per cent., although in special 
cases it may exceed this figure. 


FiG. 5.— Motor Converter with Mesh-connected Rotor. 


When the converter is never started up from the alternating.current 
side, and when there is no serious objection to the extra 25 per cent. 
starting current, slip rings and short circuiter can be omitted altogether, 
and there is no longer any necessity for winding the rotor in star. A 
mesh-connected rotor, as shown in Fig. 5, would do equally well. 
It is, however, better practice to arrange the rotor windings in star 
cven in this case, so that later slip rings and short circuiter may easily 
be added, should it become desirable to start the machine from the 
alternating-current side. Moreover, the star-point can be connected 
to one slip ring to supply out-of-balance current for 3-wire systems in 
the manner explained later for the ordinary converter with three slip 
rings. 


IV. THEORY. 


. We will now study the relation which the E.M.F.'s and currents in 
the various parts of a motor converter bear to one another, in order 
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to determine the influence of the inlerconnections between rotor and 
armature upon the operation of the machine, and in order to get a clear 
insight into the methods to be adopted when designing a motor con- 
verter to fulfil certain conditions. We will first consider the induction 
motor.” 

Say the converter takes a current I, per phase from the alternating- 
current busbars. Let the tension per phase be Е,, the number of 
phases т,. 

We have then the following expression— 


W, 
L= wi, E; cos ф, 
where— 
W, = energy in watts taken from busbars. 


cos ф, = power factor. 


The electromotive force induced in each stator phase by the 
rotating field is given by the formulæ— 


Е, = 444 ја си, $10 Кон . . . . . . (1) 
whcre— 
/ , = winding factor of stator winding. 
с = periodicity of supply. 
w, — number of turns in series per stator phase. 
Ф = maximum flux per pole. 


We have scen before that the speed of the set will be— 


__ бос 
"n — ba р, 


where— 


р. == number of pairs of poles of induction motor. 
fe = number of pairs of poles of direct-current machine. 


The periodicity of the E.M.F.'s and currents in rotor and armature 

winding will be— 
| = n __јес 

m “ык 


The electromotive force Е, induced іп each phase of the rotor 
winding will therefore be— 


E, == 4'44 fy; ue NU Р. Ф 1078 volt • © - е o (2) 


where— | 
faa = winding factor of rotor winding. 
10, == number of turns in serics per rotor phase. 


* In the following calculations the small losses in the converter аге, for simplicity, 
neglected. 
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The combination of equations (1) and (2) gives— 


sfaw: fe po f Е 
к= ш S Ww, Ра + b Е, а, (Ра + pe) : 
where— | 
Ep 
беу аш, 


is the ratio of transformation of the E.M.F.'s in the induction motor 
at rest. 

Just as in an ordinary induction motor, transformer, or, in fact, any 
electromagnetic apparatus, the number of ampere-turns produced by 
the watt current must be the same for primary and secondary windings ; 
consequently— 

Род M, ut Tu = Jwa Ma W Lu 


where— 
І, = watt current per stator phase. 
|.» == watt current per rotor phase. 
т. = number of rotor phases. 
Hence— 
1,» = Jai m, wW, w= I; 
Jua т, ч% а; 
where— 
fwi My W 
а, == 
С т т; 10; 


is the ratio of transformation of the currents in the induction motor. 

The ampere-turns necessary for producing the magnetic flux may 
be supplied by the stator, by the rotor, or by both (compare the 
behaviour of a synchronous motor when the direct-current excitation 
is varied). If we assume power-factor unity at the stator terminals, 
the whole of the excitation is supplied by the rotor. The wattless 
magnetising current thus required per rotor phase may be called Izm. 
The total rotor current I, per phase is then— 


I, == Му + Ра. 


In the case of a single-phase converter, there will still be an 
additional current of higher periodicity in the rotor, owing to the 
inverse rotating field. This field revolves with a speed corresponding 
to the full periodicity c in opposite direction to the rotor, and conse- 
quently the periodicitv of the rotor currents induced by this field is— 


__ Ра 2фа НР, 
heth R page 


The value of these currents must be approximately equal to the watt 
current, but being of different periodicity to the watt current they 
Cannot be added algebraically, but only geometrically ; the total current 
in the rotor of a single-phase converter is thus— 


I, = approximately V 21°, + Dam. 
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The electrical energy in the rotor—for polyphase and single-phase 
converters alike—is— 


= EL ы fe 
М, = т, Е, lw = ae E, IL, hom 
and since— 
n, faz faon M W, 
-< eH — — v. - £m, 
ага; bag [n fus m. 1, 
we get— 
Ма doi s du е, 
fat fe path. 
The mechanical energy is thus equivalent to—- 
W, ы Pe 25. W mme ha 


== W,. 
ha + fe : ha + № 


We will now study the phenomena in the direct-current side of the 
converter, 

Owing to the fact that rotor and armature winding are clectrically 
coupled, there must be certain relations between the E.M.F.’s and 


Fic. 6. 


currents in their windings. These relations can be easily studied by 
the aid of the potential diagram of the direct-current winding, which 
15 a circle. 

Fig. 6 may represent this potential diagram. The rotor winding 
has m, phases, which are connected to m, equidistant points on the 
armature winding (referring to a bipolar scheme) their distances being 


2т ; 
ко electrical degrees. 


We will here neglect the effect of higher harmonics, апа have thus 
to assume that the беја curve is a sine wave, Тһе potential curve оп 
the commutator will then also be a sine wave, and the direct-current 


ии инь ; ‚Р | кб 2 "————————Á—— ee ы [ПП 
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voltage E, is equal (о the amplitude of the sine wave representing the 
alternating voltage betwcen two diametrically opposite points of the 
winding. The effective value E, of this alternating voltage will 


thus be Бозе > We shall now draw our diagram for effective 


є 


values, so that the djameter of our circle is Е» = 212 It will then 
be seen from the diagram that the alternating-current voltage between 


d ка 27 À | 
two points оп the winding, which аге 2 clectrical degrees apart, is— 


2 


a. лао SE E. . т 
E = E. sin — = — sin -. 
т, 4/2 т, 


Тһе electromotive force E, induced in each phase of the rotor 
winding is evidently — the watt current рег rotor phase can thus be 
expressed as follows :— 


lu = 


^ mpm, E. 


-) 7а 


where W, is the electrical energy transmitted to the direct-current 
armature through the inter-connections. The currents in the inter- 
connections cause currents I, to flow through the armature windings, 
so that— 


From the two last equations follows :— 


. 77 
lL => su —— IL 
m, 
ог- 


1. 
1, = —7— 


2 яп”. 

I, is thus the watt current in the armature due to the watt current 
in the rotor. The wattless current in the armature bears the same 
ratio to the watt current as the wattless current in the rotor to the watt 
current in same, and can thus be determined at once :— 


(3) 


po о а A) 
от 
2 sin i.d 


2 


In addition to these currents we have still the direct current taken 
from the commutator. 
An example will elucidate the application of these formulz: А 
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converter supplies 500 k.w. at 500 volts direct current, and takes from 
the mains 550 k.w. at 6,000 volts, 50 cycles. It is also used as rotary 
condenser to supply 35 per cent. wattless current to the busbars. 
The magnetising current of the converter may be taken to be 25 per 
cent. of the full-load current. What will be the distribution of the 
currents over the converter windings ? 

We assume f, = р, and 12 phases in the rotor. 

Watt current per stator phase— 


I __ 550,000 ООО 

о ,000 оо 3 > 53: 

The wattless current is 35 per cent. of the watt current— 
І, = 0°35 X 53 = 18:5. 


The total current in the stator winding is thus— 


I= „+ Vier = 6/53 + + 185" = 56, 
апа — 


The voltage per phase in the rotor is— 
Peu Ee _ 5 = 177. 
2 2,2 242 


Half the energy is transmitted to the rotor electrically, say 275 k.w.; 
the watt component of the current per rotor phase is thus— 


Е, = 


LN 2: ЖОЛҒА. cr Br 
а, = mE, 12x17; 71795 


The rotor supplies 25 per cent. wattless current, required to produce 
the magnetic flux, and 35 per cent. corresponding to the wattless 
current supplied to the busbars. Тһе total wattless current is thus 
25 + 35 = бо per cent. 
Непсе— 
Lw: = 0'6 x 1205 == 775. 


The total rotor current is thus— 
1, == Мз, + ІЗ, рр = / 1295 + 775 = 151. 


The watt current I,» causes a watt current I, in the armature 
winding— 


- ua = 
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The wattless current in the armature is— 


= ohw = _775_ == 150. 


Moreover, we take from the commutator a current of— 


500,000 


= 1,000 amperes. 
500 


We have thus 1,000 amperes in the same armature conductors, which 
we supply with 250 amperes watt current, and from which we take 150 
amperes wattless current. 

We see thus that a similar question arises here as with rotary 
converters : we have to determine the resultant loss of these currents. 

The calculation of this resultant loss is essentially the same as with 
rotary converters, the only difference being that only part of the direct 
current is overlapped by the alternating current. What interests the 
designer is the ratio k between the output the machine is capable 
of giving as converter and as ordinary direct-current machine. 

It would be beyond the scope of this paper to give a detailed 
calculation of this ratio, but the following comparative list for rotaries 
and motor converters may not be without interest :— 


1. FACTOR k FOR ROTARY CONVERTERS. 


| | 
Number of Phases. 1. 3- 4. б. 12. 


I, ;==0 ats ... | 0850| 1°33 1°62 1°93 2:20 


ерсе Ls a ... | 0775, 118 1'43 1:67 1:87 


15,2205 La. ws ... | 0705 | 098 1:23 1'40 1:52 


2. Factor k FOR MOTOR CONVERTERS WITH TWELVE ROTOR 


PHASES. 
PN D | | Р 
А 073. 04. O's. об 0:07. 0'75 

[1 = О 1'30 | 1'44 | 1°58 | 1°74 | 1°86 | 2:00 | 3-phase 
Г == L 1'20 | 142 | 1'54 | 1°66 | 174 | 1°82 CORNSEEGES 
І. = О 123 | 128 | r29 | r27 | 123 | r' 18 single- 

| рһазе 
Lw == 1; г22 | 1'26 | г27 | 1'23 | 1'19 | 1'15 сопуег(ег5 
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In the list for motor converters Is» апа Iza have the same meaning 
as we havc hitherto attached to them, viz. :— 


Ін = watt current per rotor phase. 
I~: == wattless current per rotor phase. 


For the rotary converter Ipe and Iaz have а corresponding meaning— 
i.e., are the watt-respectively wattless currents taken from the mains. 

A glance at the above list is sufficient to show why modern rotaries 
are provided with six slip rings. Whereas for the 3-phase rotary the 
factor Е is only 1'33, it is for the 6-phase rotary 1'93, this being a gain 
of not less than 45 per cent. With a 12-phase rotary the gain would be 
65 per cent., but the complication of twelve slip rings renders this 
impracticable. With a motor converter, however, there is no objection 
to this large number of phases; in fact, with two bearing machines, 
there would be no difficulty in using more than twelve phases ; the 
percentage gain obtained by a still further increase of the number of 
phases is, however, small. 

The extra advantages gained by the motor converter are now at 
once evident. When we compare, for instance, the 6-phase rotary 
converter with 30 per cent. wattless current and the 12-phase motor 
converter under the same conditions, and with ),--о6), we find that 
the factor & is the same for both ; that is, all the advantages gained by 
the application of the motor-converter principle in the way of increased 
regulation, greater stability in running, etc., do not mean any additional 
copper losses in the armature winding, in spite of the fact that the 
direct-current side only works partly as a rotary. 

The preceding calculations are all made with the assumption that 
the E.M.F.'s induced in rotor and armature have the same wave-form. 
This is not generally so, and in consequence currents of higher 
periodicity will flow through the windings, which currents will be 
approximately the same at no load and full load. These currents 
combine with the higher harmonics, resulting from the rectangular 
wave-form of the commutated direct current, and the resultant losses 
may be cither increased or decreased. But since higher harmonics 
affect the synchronous running of machines it is always good to 
approach as nearly as possible the sine wave for all electromotive 
force curves. Since an induction motor has a greater reactance 
than a static transformer, the motor converter will take up smaller 
currents of higher frequency than an ordinary rotary converter. 


V. DESIGN. 


After the explanatory theory of the preceding pages, we can be 
short in our indication of the method which is to be followed when 
designing motor converters. 

Say we have to design a motor converter for a certain output and 
direct-current voltage, when voltage, number of phases, and periodicity 
of alternating-current supply are known. 
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We have first to determine the number of poles on alternating- 
current and direct-current side. The direct-current side has to be 
designed as an ordinary direct-current generator for corresponding 
smaller output (see factor А); consequently the rules governing the 
choice of the number of poles there are also applicable here. With 
low-voltage machines one has to take care that the current per brush 
spindle docs not exceed certain limits. We have already scen that the 
alternating-current side will be cheaper when the number of poles is 
small; a limit is set by the long stator winding end-connections and 
by the speed of the sct. Asa гше the number of poles for alternating- 
current and direct-current side will be equal or only differ by 2. 

The design of the alternating-current side does not offer any diffi- 
culties. Тһе air-gap need not be very small, since the magnetising 
current can be supplied from the rotor, and the power factor is thus 
not affected by the air-gap as is the case with ordinary induction 
motors. The only item requiring special attention is {һе reactance, 
‚ which must be sufficient to ensure that the required voltage regulation 
on the direct-current side can be obtained without affecting the power 
factor beyond the guaranteed limits. The calculation of thc influence 
of the reactance upon the wattless currents is the same for the motor 
converter as for any other synchronous machine. As an illustration of 
the beneficial influence the high reactance of the alternating-current 
side of a motor converter has upon the power factor when the direct- 
current volts are regulated, the following may be mentioned :— 

A $5oo-k.w. motor converter in a well-known central station was 
running at 420 volts direct current with power-factor unity on the 
alternating-current side. The direct-current voltage was raised to 450 
and the power factor went down to o'98—that is a voltage variation 
of over 7 per cent. with only 2 per cent. variation in power factor. 

With 390 volts direct current the power factor is also 0'98, but, of 
course, in this case the wattless current lags, whilst it leads when the 
direct-current machine is over-excited. We thus sec that the power 
factor of this converter, when running at any direct-current voltage 
between 390 and 450, only varies between 098 and roo, or, in other 
words, notwithstanding a voltage regulation of as much as 15 per cent. 
being required, the power factor will under the worst conditions of 
running still be as high as 0'98. 

The design of the direct-current end closely resembles the design 
of an ordinary direct-current dynamo, the only difference being that 
the demagnetising (or magnetising) effect of the lagging (or leading) 
rotor currents upon the direct-current беја must be taken into 
consideration. 

We have already found that the wattless current I,, in the armature 
winding due to the wattless rotor current [р is— 
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The demagnetising effect can thus be easily determined from— 


wherc— 


А Трем. == demagnetising ampere-turns per pole. z 


N = total number of conductors in direct-current armature. 
a = half the number of armature paths. 
ko = so-called magnetomotive force factor of a synchronous 


machine, and which may be taken as 0-75. 
Iw: is positive for lagging and negative for leading currents. 
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Fic. 7.—Characteristics of 500-k.w. Lighting Converter. 


The introduction of commutating poles gives {һе designer a still 
freer hand, and renders the commutation sparkless with fixed brush 
position up to heavy overloads, independent of the direction of the 
current (generating or motoring on direct-current end), 


VI. APPLICATION. 

When motor converters are used for lighting they may be shunt or 
compound wound according to requirements. Shunt machines have 
about 5 per cent. drop from no load to full load and approximately 
unity power factor at all loads, as shown in Fig. 7, representing the 
characteristics obtained on а s5oo-k.w. set. 


1909.] OF MOTOR CONVERTERS. 391 


The efficiency, especially at low loads, is remarkably high (in this 
case almost 86 per cent. at quarter load), and the characteristic curves 
of the machine shown in Fig. 8 indicate the possibility of an excellent 
regulation by the shunt rheostat, the power factor being well maintained 
within a wide range of regulation. 

Sometimes a large drop in voltage from no load to full load is 
desirable, as, for instance, when a battery is in use floating on the 
busbars. Now it is possible to design a motor converter for a large 
inherent voltage drop, but there are also other means of accomplishing 
the desired effect. The most obvious one is to provide the machine 
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Fic. 8.—Regulation Characteristics of 500-k.w. Lighting Converter. 


with a reversed compound winding, but in the case of commutating 
pole machines the same effect can be obtained without this complica- 
tion. In this case the commutating poles are not placed midway 
between the main poles, but slightly forward (in the direction of rota- 
tion of the machine), thus artificially creating armature reaction, without 
interfering in the least with the excellent commutating qualities of this 
class of machine. 

Motor converters for traction service will preferably automatically 
compound from 500 to 550 volts. The characteristics of а 500-k.w. 
traction converter are shown in Fig. 9; the power factor is unity at 
about three-quarter load, and the wattless current here changes from 
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lagging to leading, which has a favourable effect on the voltage regula- 
tion of the alternators. This feature is of special value where the 
central station supplies both traction and lighting systems, the primary 
voltage remaining steady in spite of the fluctuating load on the traction 
converters. The machine can be fitted with commutating poles, so 
that they can withstand severe momentary overloads without sparking, 
and the freedom from liability to reversal of polarity on short circuit 
is of great advantage in traction installations. 

Sometimes it is required that a motor converter shall be capable of 
supplying either a traction system at 500 to 550 volts, or a lighting system 
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Ето. 9.—Characteristics of а 500-k.w. Traction Converter. 


at, say, 420 to 460 volts. Owing to the great flexibility of the direct- 
current voltage, it is possible to build converters for the above extreme 
range of voltage, and as a matter of fact, several such machines with a 
voltage regulation of as much as 30 per cent. are in successful opera- 
tion. In order, however, to improve the power factor in such a case 
it is advisable to use a syuchronous booster in series with the rotor 
winding as shown in Fig. 1o. With this arrangement unity power 
factor is obtained at all voltages, and the efficiency at the higher 
voltage is improved, the main machine acting more as converter and 
less as generator than would otherwise be the case. Of course, the 
booster need only be designed to add or subtract half the voltage 
regulation. 
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Motor converters can also be used inverted. The increase of speed 
on inductive load is comparatively small, and does not necessitate the 
use of special exciters, as is the case with rotaries. The inherent regu- 
lation is excellent, the usual drop of the alternating-current voltage 
being 3 to 5 per cent. with unity power factor, and 12 to 15 per cent. 
with power factor o'8. If voltage regulation on the alternating-current 
side is required it is necessary to use the synchronous booster unless 
the converter always runs in parallel with one or more svnchronous 
machines, which can supply the wattless currents and maintain the 
frequency. 

Тһе motor converter can further be used for 3-wire supply ; it is 
then connected as shown in Fig. 11. It will be seen that the outer 
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Ғіс. 10.—Motor Converter with Synchronous Booster, 


mains are connected as usual to thc positive and negative terminals, 
whilst the middle wire is connected to the star-point of the rotor wind- 
ings, and may be earthed. When large out-of-balance currents are to 
be dealt with, it is necessary, in order not to overload the brushgear of 
the slip rings, to use a 3-pole change-over switch as indicated in the 
drawing (Fig. 11. When the switch is down the three slip rings are 
short-circuited and connected to the middle wire, so thatall brushes on 
the three slip rings are called upon to carry the out-of-balance current. 
When the switch is in the other position the slip rings are no longer 
short-circuited, but connected to the alternating-current starter; the 
switch must be in this position during the starting up of the converter. 
А motor converter, thus connected up, automatically balances the 
current, and the voltage difference between the two halves usually does 
not exceed 1 per cent. of the voltage between the outers, with an out- 
of-balance current of as much as 50 per cent. of the full-load current. 
Vor. 48. 20 
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With 20 per cent. out-of-balance current the voltage difference would 
be well under $ per cent., and it is thus clear that the balance is excel- 
lent and more than sufficient for all ordinary requirements. If, how- 
ever, it should be necessary to keep the voltage of the two sides of the 
system absolutely equal, or even raise the voltage of the heavier loaded 
half to compensate for the extra drop on that side in feeders and dis- 
tributing cables, a booster must be put in circuit. Such a booster is 
series wound, and can be driven by the extended converter-shaft. 

Reference has already been made to the possibility of providing a 
motor converter with commutating poles, and it will not be out of place 
to mention here how the commutating-pole circuit can be arranged 
with advantage in the case of converters dealing with out-of-balance 
currents. 

With a motor-converter,* not arranged as 3-міге balancer, all com- 
mutating-pole windings are generally fixed on either the positive or 
negative side of the network. It is, however, obvious that this arrange- 
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Ес. 11.—Diagram of Connections of Motor Converter arranged for 
3-wire Supply. 


ment cannot Ыс satisfactory, as soon as out-of-balance currents are taken 
from the machine, since the excitation of the commutating poles would 
not then correspond to the total load on the machine. 

Say, for instance, that all commutating-pole windings are connected 
in the negative main, and that the negative half of the network is more 
heavily loaded than the positive half. In this case, of course, the 
commutating poles will be too strongly excited, whereas the excitation 
will be too weak when the positive half has the heavier load. Тһе 
proper excitation will be obtained when the current through the com- 
mutating-pole windings is an average between the currents in the two 
outers. Now, such excitation can casily be obtained by dividing up 
the commutating-pole circuit and by fixing the windings alternately 
іп the positive and negative mains. When that is done, the commuta- 
tion will be just as good as with machines operating on an ordinary 
2-wire system. 


* [n fact, with all machines producing or absorbing direct current. 
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It is, however, well known that, with all direct-current generators 
and motors, there is an advantage in fixing only half as many commu- 
lating poles as main poles. Not only does this amount to a certain 
saving both in material and labour, but it is an effective means of 
reducing the leakage flux, which plays such an important part in the 
design of commutating poles. This principle is, of course, also applic- 
able to the motor converter ; but it would appear, at first sight, that the 
use of the machine on a 3-wire system necessitates the use of the full 
number of commutating poles, in order to be able to divide the circuit 
іріп the aforementioned manner. It is, however, possible in this case 
to use only half the number of commutating poles by fixing additional 
windings on the poles. These additional windings must have half as 
many turns as the main windings, and the current of the middle wire 
must pass through them. 

An example will make this clear. 

Say, for instance, that the main windings on the commutating poles 
are all connected up in the negative main, and that the currents in the 
+ and — main are I, and 1, respectively. The current in the middle wire 
will then be I, — I,, its direction depending upon which half has the 
larger load. For I, > I, the current in the middle wire is positive, that 
is, has the same direction as the positive current,* whereas for I, < I, 
the current is negative—that is, has the same direction as the negative 
current.+ 

We have already seen that the excitation of the commutating poles 
due to the main winding alone corresponds to 1,, whereas it should 
correspond to— 

L +1, = 1, — „—1, 
2 , 
the difference being 19—10 that is, the excitation is too strong when 
Il, > 1, and too weak when I, < I, Now, since the current in the 
middle wire is LI, — I, it is clear that an additional winding with half 
as many turns as the main winding will just compensate for thc dif- 
ference between the proper excitation and that produced by the main 
winding. Obviously, this additional winding has to be connected up in 
such manner that it weakens the commutating poles when I, > I,; it 
will then strengthen them when 1, < I, just as is required. 

In conclusion, the author adds to this paper a few photographs of 
converters running in various sub-stations in this country. 

Fig. 12 shows a motor converter of the 2-bearing type, the 
armature and rotor of which are built on a combined spider, so that 
the rotating part is very stiff, notwithstanding the long bearing span. 
It converts 6,500 volts alternating current of 50 cycles into direct 
current at 420 to 550 volts. 


* We тау sav, the current flows from the machine—that is, from the slip rings 


when the converter generates direct current. 
+ We may say, the current flows fowards the machine—that is, towards the slip 


rings, when the converter generates direct current. 
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Fig. 13 shows armature and rotor of a 2-bearing set (300 k.w. 
220 volts direct current). 

Fig. 14 shows а 600-k.w. converter running at 375 revs. in the sub- 
station at the Manchester Exhibition of October last. The converter 
has 8 poles on both alternating-current and direct-current side. 

Fig. 15 shows а 1,500-k.w. motor converter of the 3-bearing type 
from the alternating-current end. This is the largest size yet built. 


DISCUSSION. 


Mr. T. L. LACour (communicated): I would call your attention to a 
few points with regard to design and operation. In Fig. 5 of the paper 
a motor converter with mesh-connected rotor is shown, which may 
lead to the impression that such a converter is as good as one with star- 
connected rotor. I do not think so myself, but as the rotor connection 
shown in Fig. 5 has, as far as I know, never been tried, I can only give 
my opinion without having been able to verify it. Both the rotor and 
the armature windings in Fig. 5 are mesh connected, and wound with 
I2 phases. Should the shape of the fields in the two machines differ 
materially, it is evident that idle currents will pass between the two 
windings. These idle currents may be considered as made up of many 
higher harmonics of which, in the case of a 3-phase converter, the 
fifth may be the most prominent. From one rotor phase to the next 
these fifth harmonics are displaced 5 times 30? — 150°, which is a little 
more than the angle between the phases іп an ordinary 3-phase motor. 
For this reason, so long as each phase of the rotor and armature wind- 
ings consist of few turns and thus possess a very small self-induction, 
a small fifth harmonic E.M.F. will produce a fairly strong fifth harmonic 
current with a considerable amount of power. If, on the other hand, 
we replace the mesh-connected rotor winding by a star-connected onc, 
the fifth harmonic current from the armature winding will have to pass 
through two rotor phases with twice as many turns as in each of the 
mesh-connected phases. And as these rotor phases are displaced 1507 
with regard to the fifth harmonic, the self-induction of these two rotor 
phases in series will be very large for the fifth harmonic current. In 
other words, the fifth harmonic E. M.F. induced in the armature winding 
will only produce very small currents in therotor winding. And as this 
is also the case with the seventh and eleventh harmonics, the idle current 
passing between the armature winding and a star-connected rotor 
winding will be so small that it can be neglected in practical work. 
'That is the reason why all motor converters should be provided with 
star-connected rotor windings, whether necessary for starting or not. 
For this reason, and on account of the rotating magnetic field in the 
induction motor which transmits the power from the stator to the rotor 
winding, a motor converter with star-connected rotor winding never 
takes up any idle current from the high-tension network. 

Another remarkable feature of the motor converter which at first 
view impresses the engineer is the compact and strong design his class 
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of machinery allows. The alternating current as well as the direct- 
current side resembles ordinary machines with relatively few poles, 
and as both machines have about the same overall dimensions the 
whole set resembles one compact unit and takes up a small floor 
space. On account of the few poles on the direct-current side the 
commutator is not so crowded with brushes as a rotary for the 
same frequency would be, with tlie advantage that with motor 
converters a flash over and burning of brushgear does not occur so 
often. Further, the attention which motor converters, and especially 
the commutator and brushgear, require, is very small. Another reason 
why the motor converters very seldom flash over is the large reactance 
and the revolving magnetic field of the induction motor. This feature 
leads to the problem of parallel operation, and in this lies one of the 
motor converter's great advantages overrotaries. Оп the direct-current 
side a good parallel operation is dependent on a fair voltage drop 
from no load to full load, which condition the motor converter 
fulfils, so that no trouble has ever been experienced on this account. 
On the alternating.current side a good parallel running depends on 
the synchronising current, as well as on the tendency to hunt and 
drop out of step. By designing the induction motor with a large 
rcactance the natural frequency for hunting of & motor converter is 
made very low (from 73 to 150 oscillations per minute), so that no 
phenomena of resonance can take place between a converter designed 
in this way and alternators driven cither by reciprocating engines 
which make 150 to 200 revs. per minute, or by steam turbines 
which work with more than 200 steam impulses per minute. 

In my opinion there are several reasons why the motor converter is 
specially adapted for converting alternate to direct current, and has 
actually found a large field in Great Britain. These reasons are not 
absolutely inherent to the principle by which the machine is built, but 
are also due to several other circumstances of which I here point out 
the most important :— 


I. The high-tension voltage seldom exceeds 6,600 volts, which is 
quite safc for an induction motor. 

2. This voltage furthermore varies very little with the load on 
account of the short transmission lines. 

3. The normal frequency is 50, or lies generally between 40 and 
60 cycles per second. 

4. The direct-current voltage varies normally from 440 to 550 
volts, which requires a generator with few poles. 

5. For fulfilling the above conditions it is necessary to design 
induction motor with a large reactance, which in its turn 
gives the machine a good efficiency, especially at small loads, 
keeps it from hunting, and on account of the few poles on 
the direct-current side prevents flashing over. It is evident 
from the above that in spite of the principle of the motor 
converter having been regarded with doubt from various 
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quarters, the practical motor converter properly designed 
has proved a success wherever it has been adopted, and 
this practical success is the best proof that the machine 
is absolutely rational. 


Dr. E. RosENBERG: In the first part of his paper the author 
never uses the expression “rotary converter” for one part of his 
machine, he always calls it a direct-current machine. If he had 
from the beginning called it a rotary converter, then he could not 
have maintained the many claims of advantages over the plain 
rotary converter. Let us consider of what a motor converter really 
consists. We have a rotary converter of half frequency. ‘The rotary 
converter has to give half the output as a rotary converter, and 
the other half as a direct-current machine. It is bigger and less 
efhcient than a rotary converter for the full output, and for half 
the frequency, for in a plain rotary converter the direct-current 
armature reaction is completely balanced by the alternating-current 
armature reaction. If one looks at the two tables on page 387 it would 
appear that the converter part of the motor converter would be 
practically the same as a plain rotary coaverter for half the fre- 
quency, but I do not think the comparison is quite correct. The 
author compares a 6-phase rotary converter, which has to give 
30 per cent. wattless current, with the converter part of the motor con- 
verter which has to give 33 per cent. wattless current, This is not a 
fair comparison, because the converter part of the motor converter has 
to supply the wattless current which the motor part takes. The 
wattless current of the rotor will be more than 33 per cent., and not a 
single per cent. of leading wattless current goes into the supply mains ; 
whereas in the case of the rotary converter, which supplies 30 per cent. 
wattless current, nearly all of it goes into the supply mains and im- 
proves the power factor. Mr. Hallo gives the magnetising current of 
the motor art as 25 per cent. This figure seems correct for no load, 
but the motor part has leakage in the primary and in the secondary, 
and an induction motor with 25 per cent. magnetising current takes at 
full load a lagging current from the line of about 40 per cent. There- 
fore the 33 per cent. is not eveu sufficient to make up for the lagging 
current of the motor, and a fair comparison would be with about 
33 per cent. wattless rotor current in a motor converter and with unity 
power factor in a rotary converter. This would show that the con- 
verter part of the motor converter has to be about 20 per cent. or 
25 per cent. greater than the plain rotary converter in order to give the 
same heating. 

We have a rotary converter which is larger than the plain rotary 
converter, but for half frequency. What is the advantage of having half 
frequency for the converter part? In former times for direct-current 
design we did not venture to have a very high number of poles or a 
very high speed, but nowadays we make turbo-generators with four poles 
and 2,400 to 3,000 revs. per minute, which corresponds to a frequency 
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of 80to тоо. A direct-current machine corresponding to afrequency of Dr 


50 is by no means out of the ordinary run. In 3o-cycle converters we 
can use a greater number of brush arms and at the same time a higher 
speed, both of which are more economical and give better results for 
large outputs. The 400-k.w. motor converter of the Great Western 
station has a converter part with six poles. We have a plain rotary 
converter of 550 k.w. for the same voltage with eight poles—only two 
poles more—running at 750 revs. per minute. In fact, for large currents 
it gives a better machine from the direct-current side when you can 
apply more brush arms. It is not correct, however, to say that the 
number of brush arms is doubled, and no overcrowding of brushes takes 
place іп a properly designed 50-cycle converter. 

Connected with the converter you have in the motor converter a 
motor designed for full load to run at half speed. "There are the full 
iron losses on the stator, thc full copper losses in stator and rotor, and 
on top of that additional iron losses in the rotor which would not be 
there in a plain motor running at full speed. Тһе efficiency therefore 
of a motor converter is quite plainly considerably lower than in a plain 
rotary converter. 

An interesting feature in the paper is that Mr. Hallo severely censures 
an additional booster to the rotary converter on page 375 “ which 
materially affects the simplicity, cost, and efficiency " ; and then оп page 
392 advocates the use of a booster on a motor converter which has to 
work on a combined lighting and traction load. The most remarkable 
thing in this comparison is that for exactly the range of voltage given 
on page 392--У12., 420 to 460 volts for lighting and 500 to 550 volts for 
traction—the plain rotary converter has been built апа works to the 
greatest satisfaction without a booster, using a transformer with a 
small amount of reactance and providing two tappings, one for 440 
volts and the other for 525 volts, regulating up and down 5 per cent. 
by means of the shunt regulator, and giving a very good power factor 
through the whole range. 

With regard to the series winding in a 3-wire system mentioned 
on page 395 of Mr. Hallo's paper, in which only one outer main and 
the neutral is used, I would mention that this winding was invented 
by myself for compounding 3-wire machines (American patent No. 
849,085).* 

Mr. B. M. JENKIN: I am very glad to be able to speak on this 
paper, as I have had the opportunity of watching these machines from 
practically their start. At the beginning of the Great Western work 
we had a tender for them, and we had to consider them very carefully. 
I think I am right in saying that no machines of the kind had then 
been built, with the exception of a small experimental machine at 
Messrs. Bruce, Peebles & Со. works. I went up to test that 
machine, which consisted of an old 3-phase induction motor and 
an old direct-current generator, which had been roughly coupled 
together by their flanged coupling, and some electrical connections 

* Zeitschrift für Elektrotechnik, vol. 22, p. 269, 1904. 
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made between the armature and the rotor. We tested the machine 
pretty thoroughly, and I was so struck with the satisfactory way in 
which it worked, notwithstanding its extremely rough character, that 
we decided to give the machines a trial at the Great Western works, 
although at that time they were little known. We have been extremely 
pleased with the results obtained, and have never in the least regretted 
our choice. One of our reasons for adopting them was that they suited 
the conditions particularly well. We had the problem of supplying 
not only the power for the Hammersmith and City Railway, but also 
additional power for lighting Paddington station, the hotel, goods 
sheds, and a certain number of small motors for work about the 
station. It was absolutely necessary to maintain the lighting supply 
under all conditions if it could possibly be done, and for that reason 
we put in at the sub-stations some batteries of sufficient size to main- 
tain for a short time a sufficient supply to the railway, and for a very 
long time a supply for lighting, should we have an interruption at the 
power station at Park Royal. Тһе system of lighting in Paddington 
was by alternating current. We distributed 6,000 volts to the static 
transformers, and in order to maintain the lighting we had to keep up 
the alternating supply from the sub-station, so that in сазе of interrup- 
tion from Park Royal we should in some way haveto supply alternating 
current from the sub-stations and from the batteries. The way we 
decided to do that was by putting in reversible motor-generators. 
We had originally specified synchronous motor-gencrators ; but when 
we got this tender for the Bruce Peebles motor converters we found 
that they did the work even better, and we adopted them on that 
account. In addition they had some other advantages : they occupied 
a very small space compared with an ordinary motor-generator. They 
could be started up equally well from the alternator-current and the 
direct-current side; they were as reversible as the synchronous 
machines, but required no exciters; they gave us a unity power factor, 
and they also gave what was of great importance—a high efficiency 
at full load, and also a high efficiency at low load. On comparing the 
efficiency curve with that of an ordinary motor-generator, one finds 
that the curve keeps high further back at light loads, and in consc- 
quence one gets a higher overall efficiency at the sub-station when 
dealing with a very widely fluctuating load, as is the case in supplying 
power to a railway. ‘This condition does not arise when supplying a 
steady load, because in that case it is possible to vary the number of 
machines running, and load them up fully to the top limit, thus 
obtaining a good efficiency. But arailway load, which sometimes drops 
to nothing, and a few seconds afterwards is at about 3,000 amperes, 
requires machines which will work over a very wide range, and the 
higher the efficiency is at light loads the higher will be the efficiency 
of conversion at the sub-station. When we carried out the tests on 
these machines at the works we naturally were very careful to make 
them pretty complete, sceing that the plant was untried at that time. 
We got an efficiency of 9o'5 per cent. at full load. Those, I should 
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say, were some of the first machines built, and had three bearings, 
and connections through the shaft. No doubt with later tvpes and 
with two bearings, the 92 per cent. given by Mr. Hallo in his paper is 
a figure that could be obtained. Аз to reversibility, I remember on 
one occasion we were running two machines in Hopkinson, coupled on 
the direct-current side and also on the alternating-current side, so that 
there was one of the machines working under normal conditions con- 
verting alternating to direct-current, and the other working іп the 
reverse direction. With one of the direct-current machines loaded up 
to 30 per cent. overload, without touching anvthing but the regulators, 
we reversed the power, so that the direct-current machine was run- 
ing as a motor with a 77 per cent. kilowatt overload. This really 
meant тоо per cent. overload in amperes through the armature of the 
motoring machine, and it did this with practically no sparking. | 
think that was a pretty severe test, and showed the reversibility, and 
the reliability of the machine for that purpose. Mr. Hallo has pointed 
out that the machine is normally running at about half-synchronism, 
and it is held at the right speed by the direct-current field, so that if 
you break the direct-current field the machine will run up to true 
synchronism of the induction motor, which is approximately double 
speed. I wanted when testing the Great Western Railway plant to 
see if things were safe should this happen. We broke the field, 
and the machine ran away, but cverything went all right. It sounded 
a little alarming, but nothing happened. There are one or two 
peculiarities which I think may be emphasised in connection with 
these machines, as they must be borne in mind in considering the 
arrangements of switchgear and the use of the machine. In starting 
from the alternating-current side one must be careful that the direct- 
current machine builds up а$ it gains speed. Should it not do so, of 
course the machine will run up above the right speed, and must be shut 
down and re-started. After the machine has its residual magnetism 
established, it will be practically certain to build up, but care must bc 
taken that the direct-current voltage comes up as the alternating- 
current machine is started. Again, the fact that the machine is, so to 
speak, a transformer, has to be carefully borne in mind in settling the 
voltages. With fixed loads on the machines the direct-current voltage 
will vary as the alternating-current voltage varies. Тһе direct-current 
voltage can be regulated by the rheostat to any required point ; but if 
no regulation is made and the alternating-current voltage varies, the 
direct-current voltage alters too. In starting from the direct-current 
side the machine is run up to speed with the direct-current machine 
acting exactly ав-ап ordinary direct-current motor. Тһе speed is 
regulated by the rheostat to the right point for synchronising and 
switching in, but in order to regulate the alternating-current voltage 
while synchronising, the simplest way, and the one we adopt, is to 
regulate the direct-current voltage. As the direct-current voltage 15 
raised the alternating-current voltage comes up, and can be stopped at 
the right point. We are running off a battery, and we simply increase 
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the voltage on the booster between the battery and the busbar. "That 
is a much better method than having any additional booster on the 
machine itself. We must have the battery booster, and therefore we 
can regulate our voltage in that way. When we had erected the 
machines on the site we made fairly complete tests to ascertain how 
they behaved under actual working conditions. One of the tests we 
made was to run for 48 hours, taking the measurements at the power 
station and sub stations throughout. For the first 24 hours we worked 
with the batteries at the sub-stations, and for the second 24 hours we 
worked without the batteries, as we wished to see what effect the 
batteries had on the efficiency. You will remember that the primary 
reason for putting in batteries at the sub-stations was to insure 
continuity of supply for the lighting. That was our primary object. 
But there was an additional object we hoped to gain, namely, to steady 
the load on the motor-generators, to reduce the extremely peaky 
nature of the load from the railway, and in that way to be able to run 
less plant at the sub-stations and less plant at the power house, and so 
improve the efficiency of working. Taking the results at one of the 
sub-stations only, on the first day, when we had the battery, we run 
two motor converters. On the second day, without the battery we had 
to run three to take the load. Тһе fluctuation in load was, with the 
batteries, a minimum on each machine down to 38 per cent., with a 
maximum of 116 per cent.; in other words, they were 16 per cent. 
overloaded. On the second day the load went down to nothing, of 
course, and also up to 32 per cent. overload. Тһе fluctuation on the 
high-tension volts produced by this big variation on our motor 
converters on the first day was 277 per cent. I mention this because 
on that depends the steadiness of the lighting, if it is supplied from the 
same busbars from which the traction load is taken. Тһе fluctuation 
on the high-tension volts with the batteries was 277 per cent. up and 
27 per cent. down. On the second day it was 68 per cent. The 
mean load on the generators on the first day was 75 per cent. of their 
full load. Ву that it will be seen that they were pretty well loaded as 
we had the battery. Оп the second day it was 43 per cent. Тһе 
motor-converter efficiency and direct-current output to h:gh-tension 
input of the machines was 89 per cent. on the first day and 82 per cent. 
оп (ће second day. The greater variation of our load on the second day 
brought the efficiency down, but still 82 per cent. is very high for a 
load which constantly dropped to nothing. Тһе battery losses, of 
course, on the first day reduced the sub-station efficiency somewhat, 
and the overall efficiency of the sub-station on the first day with the 
battery was 78 per cent., and on the second day without the battery was 
82 per cent. Now on those tests we were not working the lighting 
load off the same busbars: we had separated that altogether, so that it 
was entirely traction load, and a traction load of the very worst 
character. We have usually only three trains being supplied from our 
sub-stations, five at the most, and the kind of load can well be 
imagined. I would like to point out that this figure of 82 per cent, 
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which is obtained with an extremely difficult load to deal with, and 
without the batteries, compares directly with the sub-station efficiency 
that we heard of the other day in regard to the London County 
Council, where with ordinary motor-generators they obtained 
75 per cent. 

Мг. Косек T. 5м1тн : Г have only a few words to add to what Mr. 
Jenkin has already said with regard to the sub-station equipment which 
Messrs. Kennedy and Jenkin carried out for the Great Western 
Railway. He has nearly exhausted all that can be said about one 
installation. Mr. Hallo has referred in his paper to the quality of the 
motor converter in giving leading currents above a certain value of the 
load. This we have found to be a mostimportant property of the motor 
converter, and as a matter of fact, at theloads at which the machinery is 
usually working in the Great Western sub-stations the wattless current 
is always leading. On very high peaks the power factor falls as low as 
92 per cent., but when running with a battery under ordinary conditions 
it goes up to 98 per cent. These leading currents help the lagging 
currents of the generators at the generating stations, with the result 
that their regulation is improved, and the successful solution of the 
very difficult problem of keeping a steady voltage at the gencrating 
station busbars for lighting is thus considerably helped by the leading 
currents in the motor converters. I might also say that another very 
excellent feature is their overload capacity. During the running of 
the Exhibition traffic last year it was quite common to have the motor 
converters overloaded 60 per cent., by which I mean that all the motor 
converters in a sub-station taken together are overloaded 60 per cent. 
These overloads, however, last for very few seconds at a time. Тһе 
reversible motor booster of the Highfield type does not reverse quickly 
enough to take up the overload as it comes on, so that this overload at 
first has to be taken up by the motor converters. As soon as the 
booster is properly reversed and has come up on to its load it overtakes 
the overload of the motor converters, which drop back to normal 
working while the battery through the booster takes the continued 
overload. Without this high overload capacity of the motor converters 
they would not be nearly so successfulas they are in working with 
batteries. When {һе paper was announced I thought it might be of 
interest to make another test, supplementary to the test referred to by 
Mr. Jenkin just now. During eleven days, including Easter weck, 
which was chosen as containing the very worst possible conditions 
that one could have, a test of the machines was made at the sub-station 
at Shepherd's Bush which is illustrated in the paper, and the results 
are given below. - ` 

The average daily machine load factor is 51 рег cent., and the 
average daily efficiency of the machines is 834 рег cent. This, it will 
be noticed, is considerably lower than the 8g per cent. for another 
sub-station mentioned by Mr. Jenkin. The reason for this is, I think 
worth noting. At the sub-station which had a machine efficiency of 
89 рег cent., the battery was of 1,000-k.w. capacity ; at the sub-station 
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where the machine efficiency was 834 per cent, the battery was of 
500-k.w. capacity. The commercial efficiency of the whole sub-station, 
as between the alternating-current input and the direct-current output 
to the track, was, however, almost exactly the same—78 per cent, in 
the case of the sub-station with the big battery, and 79 per cent. in the 
case of that with thesmall battery. In this particular instance therefore 
it is clear that, looked at only from the point of view of commercial 
efficiency, so big a battery (36 per cent. of the output goes through it) 
does not pay. Тһе higher efficiency of the machines is all lost by 
conversion in the battery. As Mr. Jenkin explained, the size of the 
larger battery was chosen for quite other reasons than sub-station ећ- 


Watt hour meter 


Fic. A.—Shepherd’s Bush Sub-station. 


(Diagram showing Positions of Meters used in obtaining 
Machine Efficiency.) 


А = Hivgh-tension alternating-current input to sub-station. 
B = Direct-current output from sub-station. 

С = Charge ampere-hours x average busbar volts. 

D = Discharge ampere-hours x average busbar volts. 

E = Booster motor kilowatt-hour. 

V = Busbar volts. 


ciency—namely, the running of the Paddington lighting for ro hours 
in case of a bad breakdown. I should only like to say, in conclusion, 
that if the Great Western job had to be done all over again, not oniy 
thosc who have to pay for the machinery, but those who have to work 
it, would all wish to have motor converters in the sub-stations. 

Тһе diagram of connections shows the meters used, the lettering of 
the meters corresponding to the lettering above the columns of results. 
From this it will be seen that the high-tension alternating input i5 
metered, as also the low-tension direct-current output to the track. 
About 12 per cent. of the total output goes through the batterv, part 
being absorbed by the motor of the booster, the energy being metered, 
and the other part being the пе difference between the charge and 
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discharge of the batteries through the booster. Тһе battery meters 
are, of course, ainpere-hour meters, and their readings are multiplied 
by the busbar voltage. This voltage remains so constant that the error 
due to this is certainly not greater than the error in the wattmeters 
themselves. Since the total energy going to the track is metered, if 
to this quantity are added the metered input to the motor of the booster 
and the metered energy of the charge to the battery, and the metered 
energy of the battery discharge be then substracted, the result will be 
the total output of the motor converters. During Easter Monday 
overloads of the whole of the motor converters, amounting to 50 per 
cent., were repcatedly noted. 

Мг. А. Н. SEABROOK: I cannot agree at all with the first two pages 
of the author's paper. The first point I have to quarrel with is the 
question of the reliability of rotary converters on 5о-рсгіоа systems. 
We are now running about twelve sub-stations in one district, thrce 
being rotary sub-stations, and one of the latter runs day and night 
continuously. One man does the whole of the attendance at thosc 
sub-stations. We have various makes. Some of our rotary converters 
were made by people who have only made one or two machines; 
others were made by people who have had more experience; and 
there is not the slightest trouble—as I think is shown by the attend- 
ance required—in running rotary converters оп a So-period system. 
In the third paragraph of the first page the author refers to starting up. 
There is no difficulty in starting up rotaries as induction motors with 
tappings on the transformers. Тһе ordinary factory hands attend to 
them. The machines start in the morning, and they are attended 
to by the people who look after the factory. With regard to polarity 
something may be said, but a double-pole switch and voltmeter 
arrangement is a particularly simple and inexpensive way of getting 
over that slight trouble. On page 375 the reversibility of the rotary 
converter is rather questioned. I know arotary converter that is running 
the reverse way at Barking, installed a year ago by Mr. Howard, the 
engineer there. It runs day and night on an inductive load, is driven 
from the direct-current side, and gives an alternating-current output. 
There has not been the least trouble in running the machine. They 
have not even a spare rotary, but only a spare armature, which is put 
in when the commutator requires turning up. Lower down on the 
page the author refers to efficiency ; in connection with day and night 
continuous running with, say, a go per cent. load factor, efficiency 15 а 
very important point. From my experience of quotations, specifica- 
tions, guarantees, etc., it would not pay to run motor-generators ог 
motor converters with a day and night load, even if they were supplied 
free of charge. A difference in efficiency of 1 per cent. is a very much 
more important item than any one would imagine who had not worked 
it out for himself. Тһе last point on which 1 differ with the author i5 
as regards the floor space. It is quite wrong to say that motor con- 
verters take up less floor space than rotary converters and transformers. 
The transformers can be put out of doors, in a cellar, in a basement, or 
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on a roof. There is not the slightest necessity to put them on the same 
floor as rotary converters if it is a question of space. І am rather 
inclined to throw out a challenge to the author to show why a motor 
converter or motor-gencrator should be used as against a rotary соп- 
verter for any purpose on the question of cost? ‘The capital cost is 
considerably higher, and the сійсіепсу of any motor converter or 
motor-generator plant is lower than that of a rotary plant. Greater 
attention is required for any motor converter or generator than for a 
rotary, and on account of the high-tension current being necessarily 
put on the stator winding there is greater liability to break down. As 
a user of both rotarv converters and motor-generators I would say that 
by putting in rolary converters capital cost is distinctly saved and 
efficiency gained. 

Mr. Е. Вливу: It has been a pleasure to hear of the successful 
application of motor converters, especially from the speakers who 
mentioned the Great Western Railway. They pointed out the 
necessity of obtaining perfect and reliable lighting. I might men- 
tion the extraordinary success of the original plant at Paddington, 
which I put down between 1883 and 1885, and which ran for twenty- 
two years with absolute reliability. During that time the light never 
failed once, and it is gratifying to learn that the new works at Park 
Royal and the motor converters have maintained that average. І have 


been using motor-generators for some time, and some years ago when: 


designing the Willesden works of the Metropolitan Company I had 
the opportunity of testing some of the early forms of rotaries, and I 
found we could hardly depend upon them. Тһе frequency was then 
бо ог 66. Somctimesthey would reverse, and at other times they would 
hunt. The result of that preliminary test was to drive us to motor- 
generators. Since that time I have been using motor-generators for 
the Bankside works of the City of London Company, and last ycar we 
put into those motor-gencrators about 4,719,coo units, and we got out 
of them 3,675,000 units, an overall efficiency of 77 per cent. There- 
forc on the question of efficiency I think the author was quite justified 
in drawing attention to the remarkable results which may be obtained 
by a machine giving not only a higher intrinsic value in efficiency, but 
a better general overall efficiency. We also find, in dealing with motor- 
generators, that it is not always easy to handle them with sufficient 
rapidity, and I think the author was very wise in calling attention to 
the short time required to start the motor converter. 

Mr. ]. S. Реск : It has always secmed to me that the development 
of the motor converter was based upon the fallacy that the high- 
frequencv rotary converter could not be made to operate successfully, 
but after what we have heard as to the number of these latter machines 
now running any fair-minded man must admit that the high-frequency 
rotary can be made a satisfactory piece of apparatus. If that is 
admitted, then I think it follows that the higher efficiency, the lower 
cost of manufacture, and the greater reliability of the rotary, which 
has no high voltage on the stator windings, will insure its gradually 
replacing all other types of converting apparatus. 
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One would think from what the author says that the rotary con- 
verter has made but little progress in this country since 1904. Аза 
matter of fact, the company with which I am associated has installed 
over 160,000 k.w. in rotary converters since 1904, and over a quarter 
of this has been for high-frequency circuits. 

It is stated in the paper that іп 1002 the motor converter was 
patented by Messrs. Bragstad & La Cour, but the author neglects to 
say that the fundamental patent in the motor converter 15 due to М. 
Maurice Le Blanc, and was taken out in 1899. 1 believe that all com- 
panies manufacturing motor converters to-day recognise his patent 
in the form of royalties. With regard to the question of starting, 
I think, from what both Mr. Jenkin and Mr. Seabrook have said, it 
can be seen that there are two sides to that question, and that the 
starting up of a motor converter is not quite so simple as it would 
appear from the paper. In the first place, there are two rheostats, 
one in the rotor circuit and the other in the field circuit, which have 
to be worked more or less simultaneously, and as Mr. Jenkin says, саге 
must be taken to see that the field builds up as the machine comes up 
in speed, otherwise the machine may run up to double speed, and with 
not quite such satisfactory results as Mr. Jenkin obtained. When the 
machine has reached approximately the correct speed a few slight 
adjustments are made, and it may then be synchronised, but syn- 
chronising is necessary, and whether it be done by a voltmeter, as 
with a motor converter, or by means of a lamp or synchroscope as 
with a rotary, makes little difference. 

With regard to the voltage regulation which it is possible to obtain 
оп a rotary converter by field adjustment only—i.e., without a booster— 
it is possible, by placing reactance in the circuit, to do everything on a 
rotary that can be done on a motor converter. The reactance can be 
obtained in the transformer without sacrificing efficiency, or may be 
placed outside in the form of choke coils. With the same amount of 
reactance in the rotary circuit as in the motor converter, the regulation 
curve of the rotary will be the same as shown in thc paper for the 
motor converter. 

Regarding floor space, it is admitted that a rotary converter with its 
transformer may take up slightly more floor space than a motor con- 
verter, though in certain cases the starting resistance supplied with a 
motor converter is practically as large as the transformer for the rotary. 
If, however, a station is built specially for rotary converters, it is the 
usual practice to put the transformers in a gallery or in a basement, as 
they require no attention. А good illustration of the possibility of 
getting a large capacity of rotary converters in a small space is shown 
in the Charing Cross sub-station of the Underground Electric Railways. 
I do not believe that an. equal capacity in motor converters could 
possibly be squeezed into this sub-station. 

With regard (о the table of copper losses on page 387, Mr. Hallo, іп 
order to make the copper loss of the motor converter equal to the 
copper loss of the rotary converter, has chosen a combination of poles 
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in his two machines, which he admits is not the usual опе. If he takes 
the usual combination of poles, then the copper loss of the rotary is 
considerably less than that of the motor converter when working under 
similar conditions. 

The efficiency curve on page 390 is certainly a remarkable one, and 
it would be interesting to know the separate losses which enter into the 
curve. 'Тһе exact shape of the curve appears to be impossible of 
realisation, as any one can determine if he tries to find losses which 
will give a curve passing through all the points. Тһе efficiency at full 
load is certainly remarkably high, and it would be interesting to know 
whether the machine was built with special Stalloy steel. . 

With a rotary converter it is always possible to carry a spare trans- 
former, or to carry a few spare coils. In the event of a breakdown in 
the high-tension winding, the spare transformer may be substituted, or 
the transformer may be repaired in the course of a few days, whereas a 
breakdown in the high-tension stator winding of a motor converter 
usual requires several weeks to repair. The highest voltage for 
which it is safe to wind an ordinary size motor converter is about 6,000. 

For higher voltages it is, in general, necessary to use transformers. 
This, of course, puts the motor converter at a great disadvantage as 
compared to the rotary. 

It has been stated that the switchgear for a rotary is more com- 
plicated than that for a motor converter. This is not гие if the trans- 
former is connected directly to the rotary, which is quite common 
practice. The fact that switches may be placed, if desired, between 
the transformer and rotary is an advantage for the rotary, and not a dis- 
advantage, as advocates of the motor converter would have us believe. 

Communicated : I think it will be admitted by any one experienced 
in the testing of electrical apparatus that the separate loss method of 
obtaining efhciency curves gives far more accurate and consistent 

" results than does the input and output method. There are certain very 
good reasons for this. By the input and output method, the loss is a 
small difference between two large quantities, and a 1 per cent. error in 
either gives practically a 1 per cent. error in the efficiency. In com- 
mercial testing, readings to within 1 per cent. are very good, so that by 


Mr. Peck. 


the input and output method errors of 2 per cent. in efficiency are | 


quite usual. By the separate loss method, however, an error of т per 
cent. in reading means a very small fraction of т per cent. error in the 
efficiency. The chance for error in this method is in omitting some of 
the separate losses, also on account of the fact that the losses under full- 
load conditions may be different from these taken separately ; but in 
general, the chances of error are much less in the separate loss method 
than in the input and output method. Another difficulty in obtaining 
accurate results by the input and output method is the fact that a large 
number of instruments have to be read simultaneously, and any one 
who has tried commercial efficiency tests by this method will know how 
nearly impossible it is to obtain a degree of accuracy in readings which 
will give results of any value. 
Мог. 48. 27 
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Mr. Peck In comparing the efficiency of the motor converters with the motor- 
generators at Manchester, Mr. Hallo stated that Mr. Pearce would not 
have a rotary converter on his circuits. It may interest members oí 
the Institution to know that Mr. Pearce has recently installed a rotary 
converter of 700-k.w. capacity. In his argument regarding floor space, 
Mr. Hallo overlooked the fact that the transformer has no moving 
parts, and requires no attention, so that it may be placed in positions 
which are quite unsuitable for such apparatus as motor converters, 
rotaries, or motor-generators. In America, the practice scems to be 
coming into favour of placing even high-voltage transformers out of 
doors, while the placing of transformers in basements or in galleries is 
well-established practice everywhere. 

In conclusion, I would sav that the advocates of the rotary con- 
verter have never claimed that the motor-converter or the motor- 
generator were not satisfactory machines. What they do believe is, 
that for frequencies not exceeding 69 periods, the rotary converter 
will prove to be much more efficient, especially at low loads, that it i5 
considerably cheaper to manufacture, and that it has a number of minor 
points of superiority, which in themselves are frequently of sufficient 
importance to turn the scale in its favour, while for low-frequency 
circuits the rotary converter is the only machine to be considered, 
except for certain very abnormal conditions, where (һе motor- 
generator may be preferred. In order to show the efficiency obtained 
on the rotary converter, I give below the overall efficiency of a 550-k.w. 
550-volt 750 revs. per minute rotary, with its 6,600-volt 3-рћазе 
transformer. This is a commercial machine, and no special features 
are embodied in its construction for obtaining unusually high 
efficiencies :— 


Combined Efficicncy of 550-k.w., 550-7011 Rotary Converter with ils, 


Transformer. 
25 per cent. overload ... 55 ... 95'05 per cent. 
Full load ЛР 55% € ... 9485 ij 
i i Ses exe 25% ... 94706 У 
4 is ~: Sire — ... 92730 - 
+ 3) -— КЕН ds ... 9725 5 
оо Professor E. ARNOLD (communicated) : The advantages of the motor 
Inoid. 


converters are appreciated on the Continent, and several of the leading 
manufacturing firms have already built a number of converters of this > 
type with great success, and others are in course of construction. À 
remarkable plant has recently been installed by Messrs. Brown- 
Boveri & Co. for the electrochemical works at Ammendorf, in Saxony. 
Тһе power is generated in two 3-phase 50-cycle turbo-alternators 0 
1,000 k.w. each, 2,000 revs. per minute, 500 volts. The 3-рһазе current — ; 
is converted into direct current by means of two motor converters 0 | 
goo Клу. each, 160-175 volts, 5,600-5,150 ampcres, 214 revs. per minute, 


1909.] OF MOTOR CONVERTERS: DISCUSSION. 411 


the induction motor having 12 poles and the direct-current machine 16.* 
The motor converters were chosen for their high efficiency compared 
with motor-generators. With the heavy conditions of a continuous 
24 hours' full load running a difference of efficiency from 2 to 3 per 
cent. means a reduction of cost of at least 6,000 to 9,000 marks ( £300- 
450) a year. 

Among the good qualities of motor converters stated by the author, 
the relative low first cost and the high efficiency seem to be the most 
important, and special attention should be drawn to the fact that the 
efficiency has still high values at half-load and even at quarter-load, as 
may be seen from Figs. 7 and 9 of the paper. In this respect the 
motor converter is greatly superior to the motor-gencrator. 

Referring to the 3-wire supply, the author has stated that motor 
converters can be built with half the number of commutating poles by 
using, in addition to the main excitation winding of these poles, an 
extra winding with half the number of turns and supplied with the 
middle-wire current. It appears to me that this extra winding may be 
dispensed with if the main excitation winding is divided into two equal 
portions, and the onc half supplied with the positive, the other with the 
negative main-wire current, thus giving an excitation corresponding to 


) + 15 аз requi 
: T 2 аз required. 


Мг. К. FaAvE-HANSEN (communicated): In his paper Mr. Hallo 
claims advantages for the motor converter over the rotary converter 
due to the higher reactance of the induction motor compared with the 
transformer. ‘This claim rests, however, upon a mistake, as the trans- 
former, besides the advantage of high efficiency and increased safety 
for high voltages, also has the advantage compared with the induction 
motor that any reactance required can he obtained between very wide 
limits. I have thus in the last year designed a number of transformers 
having different reactances between the limits of 0'5 and зо per cent., 
and experience proves that a transformer with the reactance of 20 to 
30 per cent., as now usually employed by the Westinghouse Company 
for rotary converters, is cheaper and has as good an efficiency as 
transformers with $ to r4 per cent. reactance, such as are often 
required for power and lighting. Іп a special case I have even 
designed transformers having a reactance of over 50 рег cent. This 
was a 3-рһазс auto-transformer to be used in conjunction with a rotary 
for 425 volts direct current running off a 400-volt 3-phase line. As an 
auto-transformer it had a reactance of 20 per cent., which corresponds 
to a reactance in an ordinary transformer of about 55 per cent. The 
reactance in a transformer can be predetermined within the same 
limits of accuracy as the short-circuit current for a 3-phase motor. 
The transformer has further tlic advantage that in many cases the 
reactance can be altered easily and cheaply after the trausformer has 
been built up. This has proved useful in the case of a few cabled 


* An illustration of these machines is given іп E. Arnold, Die Wechselstromtechnik, 
Band v., Teil L, Die Induktionsmuschinen, p. 569. 
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orders from abroad, where the confirmation of the order has shown 
that the conditions were such that a different reactance to that first 
intended was desirable. The only difficulty with high reactance is for 
3-phase transformers with unsymmetrical cores, as it is difficult to 
provide more than 30 per cent. reactance in such cases and obtain the 
same reactance on all three phases, owing to the magnetic interlinking 
of the leakage lines. For any other type of transformer, however, 
there is no difficulty in obtaining reactance considerably higher than 
that which can be obtained in a 3-phase induction motor. 

I have dealt with this question at considerable length because the 
prevailing opinion scems to be that transformers have inherently a low 
reactance, while the fact is that special transformer windings have to 
be adopted for this purpose and are becoming standard, as in most 
cases a low reactance is required. Any one who has had much expe- 
rience in the designing of transformers, however, will know that the 
difficulty as a rule is not to get a high reactance in a transformer, but 
to getalow one. The case with which any desired reactance сап be 
obtained in a transformer is one which makes thc rotary converter 
suitable for many services for which the motor converter cannot bc 
used with advantage. For instance, when the rotary is to be used asa 
condenser for obtaining power-factor unity on the network it can be 
supplied with a transformer having a very low reactance, so that it can 
supply the magnetising current required under different conditions of 
the network and still maintain the same direct-current voltage, which 
is not possible with the motor converter if a booster is not used. И 
the rotary has to run from direct current to alternating current the 
transformer will be designed with low reactance, which, compared 
with the high reactance of the induction motor, makes the regulations 
of the rotary plant very much better than that of the motor converter, 
the voltage drop being in the neighbourhood of one-third or less of 
that of a motor converter. If no special reactance (low or high) 15 
required for other purposes, the rcactance of the transformer can 
easily be made of the size giving the largest stability against hunting, 
etc., while in the case of the motor converter the reactance will have 
to be that suitable for the design of the induction motor. A further 
advantage of the transformer over the induction motor is that it can 
easily be provided with tappings on the high-tension side so that the 
rotary may be used for the purpose of lighting and traction without 
booster, and still be running at the best possible power factor in both 
cases. If the alternating-current voltage is specially low an auto- 
transformer can in many cases be uscd, thereby still more increasing 
the superiority of the rotary plant regarding price and efficiency. Іп 
case of really high-tension voltages (10,000 or higher according to size) 
it will be necessary to use a transformer also for the motor converter, 
and in this case, of course, the difference between the motor converter 
and the rotary plant will be very large. There is only one thing the 
induction motor can do and the transformer not, and that is to altcr 
the periodicity of the supply for the rotary, while in all other respects 
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the transformer can do the same work as the induction motor in a 
better and more efficient way, and is capable of doing important 
service, which the induction motor cannot do. 

Мг. С. W. О. HOWE (communicated): On page 388 of his paper Mr. 
Hallo refers to the advantage of the large self-induction of the induction 
motor as compared with that of a static transformer. Аз he says, this 
will result in smaller currents being produced by the higher harmonic 
clectromotive forces. Surely he is here trying to find a virtue in an 
unavoidable disadvantage. Transformers can be made to have a large 
leakage reactance, and that very simply, although makers generally 
strive in the other direction. Тһе reactance of the circuit can be 
increased to any amount by inserting choking coils between the static 
transformer and the rotary. The induction-motor part of the motor 
converter is, after all, а transformer, in which the secondary is made 
free to rotate, at the cost, however, of a large leakage reactance, and in 
both cases the effect of this leakage is neutralised by suitable adjustment 
of the field current. 

Mr. S. L. PEARCE (communicated): I have read Mr. Hallo’s paper 
with much interest, and, as regards the performance of motor con- 
verters, I have scen no reason to modify the views expressed at 
Manchester in December, 1906, on Mr. Miles Walker's paper dealing 
with “ Rotary Converters versus Motor-Generators.” We in Manchester 
have had a more extended experience of this class of sub-station 
machine than any oue else in the United Kingdom, and we have 
not regretted our choice. I do not say that we have been entirely frce 
from troubles, but these have been confined to the carlier machines 
supplied, and have in every case been traceable to poor workmanship, 
and not to any inherent defect in principle. Without traversing the 
ground covered by my previous remarks on Mr. Walker's paper, and 
which will be found in the Proceedings, I may state that I am still 
of opinion that the case for the rotary converter can only be made out 
on the ground of a slightly higher efficiency, and the extent to which 
this can be justified may be judged from the official test figures taken 
at Manchester on three sizes of motor converters :— 


Half. | Quarter. 


| 


| Three- 
Kilowatts. Full Load. quarters, 


(1) 250 ... TT 89:20 -- 
(2) 500 .. ies 91'50 — 


(3) 1,500 


One point in favour of the motor converter has been brought out in 
our experience, and which weighs very strongly with us in Manchester, 
and that is its ability to remain in step with the main generating plant 
in the event of a serious fall of high-tension voltage. И has frequently 


Mr Faye- 
Hansen. 


Мг. Howe 


Mr. Pearce. 


Mr. Pearce. 


Mr - 
Bowden. 


414 HALLO: THE THEORY AND APPLICATION [May 6th, 


happened on these occasions that the motor converters are the only 
plant left running on the system, all the rest having dropped out 
of step. The ability of the motor converter to give leading currents 
on a system, and so to compensate for otherwise poor power factors, is 
also extremely useful and valuable. 

In connection with the recent Electrical Exhibition in Manchester, 
there were examples of the three types of converting machinery in- 
stalled in the Exhibition sub-station, viz., a 500-k.w. motor-generator, а 
600-k.w. motor converter, and a 750-k.w. rotary converter. These 
plants were supplied to the Manchester Corporation by their respective 
manufacturers on the understanding that they were to be taken over 
within a stated period for usc on the Manchester svstem. The rotary 
converter, which is one of thc latest types built by the Westinghouse 
Company, has been recently installed in a large consumers' sub-station, 
so that we shall have a further opportunity of closely watching the 
performance of a machine of this class of very recent design, and 
comparing this with other types of converting machinery. 

Мг. J. Н. BOWDEN (communicated): The Poplar Borough Council 
was, I believe, the first to use this type of machine, and consequently 
had to suffer to some extent from the experimental stages necessary to 
the initial installation of the early machines. The troubles experienced, 
however, were almost entirely confined to the breaking down of the 
extra high-tension windings, and the occasional flashing over between 
the commutator brushes—the latter occurring in the event of a heavy 
earth or short circuit on the low-tension network. Тһе first trouble 
has been entirely overcome by the fixing of charging gear for the early 
sets ; the later sets have spark-gaps only, and there has been no recur- 
rence of this trouble. The early machines have all been rewound, 
and it was found necessary to modify the first type of winding. Тһе 
second-named trouble has not occurred since the fitting. of. com- 
mutating poles. I may state that in the case of the Poplar undertaking 
all the machines are invariably started from the alternating-current 
side, although the first five machines were fitted with direct-current 
starters, greater facility and ease being attained in starting up from the 
alternating-current side. Тһе points which led to placing the order for 
motor converters in preference to motor-generators, and the advantages 
to be gained are, іп my opinion, numerous, and include the following :— 


. Less floor space. 

. Considerably increased efficiency at full and low load. 

. Reversibility. 

. Running at unity power factor. 

. Low first cost. 

. Convenience of coupling to 3- wire network, and capability of 
dealing with out-of-balance load. 

7. Other advantages may also be claimed for the absence of slip 

rings carrying heavy current, and the economy in the high- 

tension distribution cables. 
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Whatever may be said to the contrary, at the time of ordering our 
first machines I was of the opinion that engineers generally had certain 
misgivings as to rotary converters on a 50-cycle circuit ; certainly I 
have no hesitation in saying I had five years ago. I am quite pre- 
pared to admit that the rotary converter has made rapid strides during 
the last five years, and is now, I believe, a thoroughly reliable machine ; 
but on high-frequency circuits I am of the opinion that the motor 
converter is still the better machine. At that time, from general 
experience and from information available, the risk of direct-current 
reversal and the difficulty in the regulation of the direct-current 
voltage was not as reliable and satisfactory as is now claimed by the 
makers. I have never regretted installing motor converters, several of 
the machines having run continuously wcek in and week out, with only 
a short stoppage of a few hours every third day for cleaning. With 
regard to the efficiencies and the results obtained, my experience is 
that with soo-k.w. sets the highest efficiency is obtained with 70 to 
130 per cent. load factor, and with 250-k.w. sets go to 110 per cent. 

Мг. S. W. ВАУХЕЗ (communicated): For the past cighteen months I 
have had two 500-Клу. Peebles-LaCour motor converters working at 
5,000 volts, 50 periods, 3-phase current, and converting to 440 volts 
continuous current, with the centre equalising connection to the 3-wire 
system. 

I have found both of these sets to run very satisfactorily, particu- 
larly with regard to regulation, which has been markedly superior 
to that obtained from either our synchronous or asychronous motor- 
gencrators under similar conditions. 

There is a considerable saving in floor space, an item of no small 
importance in sub-station work, knowing, as we all do, the very small 
space that is somctimes available in crowded cities where land is 
expensive. 

I have also а r,0oo-k.w. Peebles-LaCour motor converter at the 
main generating station, which I find particularly useful as a generator 
of alternating current or continuous current, and on a number of 
occasions have used this machine to supply alternating current to 
our sub-station, when it has come fully up to our expectations, both 
as regards reversibility and regulation. 

Mr. H. W. GREGORY (communicated): I should specially like to 
draw attention to the high efficiency of the motor converter at low 
loads as compared to the rotary, which feature, rendering the machine 
in practice so valuable in a small lighting sub-station without a battery, 
may be partly explained by the fact that though the quantity of iron 
on the rotating part of the motor converter is great, the iron losses, 
roughly proportional to the square of the frequency, of both rotor 
and direct-current end occur at only half the frequency of those in the 
corresponding single rotary converter armature. І should like to ask 
the author if this is the correct explanation, or whether ће attributes 
the efficiency solely to the absence of higher harmonics in the motor 
converter running light. 
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Again, {һе motor converter lends itself better to the adaptation 
of the synchronous booster than does the rotary converter, inasmuch as 
the booster armature in the former machine deals only with a part 
of the current in the direct-current armature, while the rotary- 
converter booster deals with the whole of the direct-current output. 
The statement at the bottom of page 392 is at first sight misleading, 
since as the machine is still running at half synchronous speed, the 
stator is still transmitting power to the rotor half electrically and 
half mechanically. It must be remembered, however, that the 
additional mechanical power not represented in the dynamo element 
may be driving tbe booster mechanically to provide the additional 
rotary-converter effect оп the direct-current end. Тһе adaptation of 
the booster to the motor converter is excellent in practice, efficiency 
being but slightly impaired, and the arrangement giving a most satis- 
factory solution of the problem of a very wide direct-current voltage 
regulation with unimpaired power factor. Lastly, I think the absence 
of slip rings carrying heavy currents on the motor converter is a point 
insufficiently appreciated. 

Мг. Н. S. Нагло (in reply): I shall deal first with the remarks of 
speakers who have had actual experience with motor converters. Мг. 
Jenkin speaks of his experience with the motor converters in the Great 
Western Railway sub-stations, and it is particularly gratifying to hear 


that my early anticipations have been realised, and that practical expe- 


rience has more than borne out the theoretical considerations which 
led to the adoption of motor converters in this instance. The experience 
of Messrs. Jenkin and Smith shows that motor converters are well 
suited to the extremely heavy conditions of railway working. Тһе 
efficiency figures are of importance, and they show that the early con- 
verters, which were designed and manufactured before any experience 
in the actual running of this class of machine had been obtained, have 
given great satisfaction in this respect. Modern converters, embody- 
ing all experience with almost two hundred machines, of the two- 
bearing type, and running at a higher speed than the Great Western 
Railway converters, give, as Mr. Jenkin suggests, about 1'5 per cent. 
higher efficiency. I have very little to add to the full account of the 
tests, which show with great clearness the whole operation of the elec- 
trical plant for the Hammersmith and City Railway, and the lighting of 
the Paddington Hotel and Station. The reversibility and high over- 
load capacity of the motor converter stand out as prominent features, 
and I agree with Mr. Bailey that it is very gratifying to learn that this 
new plant also runs with absolute reliability. Мг. Jenkin refers to the 
possibility of the motor converter running up to true synchronism of 
the induction motor, should the field on the direct-current side be 
broken, and he mentions the satisfactory result of tests carried out to 
ascertain the safety of the machine at that speed. I may add to this 
that in actual practice the chance of the converter running up to the 
high speed is very remote ; I would rather expect in this case the 
alternating current to be cut off by the automatic overload release, but 
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a failure of {һе direct-current field on a motor converter has not yet 
been experienced. 

The beneficial influence of the leading current upon the voltage in 
the main station is a very interesting feature, which has commended 
itself to many station engineers. 

Mr. Pearce gives the efficiency figures of three sizes of motor con- 
verters, and I shall have occasion to refer to these figures when dealing 
with the question of efficiency. Мг. Pearce further states that the 
motor converter remains in step with the main generating plant, even 
in the event of a serious fall of high-tension voltage ; the surprisingly 
large synchronising force of the motor converter has thus proved to be 
an important point in its favour, increasing the rcliability of the plant 
and ensuring a continuance of direct-current supply in case of serious 
disturbances on the alternating-current side. | 

Mr. Gregory is quite correct in saying that the low frequency іп the 
armature and rotor partly accounts for low losses; the absence of 
higher harmonics is one of the reasons why the difference between 
the actual commercial efficiency and the efficiency calculated from 
separate losses is less with motor converters than with rotaries, but 
with this point of efficiency I shall deal further on at greater length. I 
also quite agree with him that the absence of slip rings carrying heavy 
currents is a very important point in favour of the motor converter, 
especially in view of the troables experienced by rotary converter 
manufacturers, and the many experiments made in their works, aiming 
at a satisfactory solution of the difficulty. Also with regard to parallel 
running and hunting, points brought up by Mr. La Cour, the modern 
rotary converter has to be improved a great deal before it is equal to 
the motor converter. 

When reading through the various remarks of Messrs. Jenkin and 
Smith on the Great Western Railway plant ; of Mr. Pearce, who has 
more motor converters under his control than any one else ; of Mr. 
Bowden, who is chief engineer of the pioneer installation of motor 
converters in this country ; of Mr. Ваупез and Mr. Gregory, who have 
experience with motor converter plant of greater or smaller capacity ; 
and when finally considering the intelligence received about the suc- 
cessful operation of motor converters on the Continent from Professor 
Arnold, one realises that the motor converter fulfils the high expecta- 
tions of its inventors, and has become a most important factor in 
modern sub-station practice. Тһе various advantages of the motor 
converter, as explained in my paper, result in a combination of relia- 
bility and efficiency which cannot be obtained with tlie motor-gene- 
rator or rotary converter, so that where high-frequency alternating 
current is to be converted into direct current, substantial economy can 
always be eftected by the introduction of this type of machinc. 

I have now to deal with the remarks of those gentlemen who have 
not had practical experience with motor converters, and in particular I 
will deal with one point which may have been misunderstood. Mr. 
Rosenberg is ипдег the impression that I compare, on page 388 of my 
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paper, a 6-phase rotary converter, which has to give 30 per cent. watt- 
less current, with the converter part of a motor converter which has to 
give 33 per cent. wattless current, and then concludes that this com- 
parison is not fair because in that case the motor converter would not 
supply the same amount of wattless current to the mains as the rotary. 
I agree that the machines would not be running under the same con- 
ditions, but if Mr. Rosenberg will look at page 388 of my paper he will 
find that I do not make the comparison above referred to, for I say, 
"When we compare, for instance, the 6-phase rotary converter with 
30 per cent. wattless current and the 12-phase motor converter under 
the same conditions and with р, = 06 р, we find that the factor А is the 
same for both." Апа this comparison is naturally the proper one. It 
means that both rotary converter and motor converter are supplying 
30 per cent. wattless current to the mains, and this leading wattless 
current, I may add, is destined to compensate the lagging wattless 
current taken up by induction motors connected to the same mains. 

Now, I quite agree with Mr. Rosenberg that there will be more 
than 30 per cent. wattless current in thc revolving windings, but when 
he begins to calculate this current he is incorrcct, as I shall explain 
later. The total wattless current in the revolving windings will actually 
be between 45 and 55 per cent., and this increase of wattless current 
affects the factor & slightly, but so little that, when writing my paper, 
I did not consider it necessary to go to the additional complication of 
calculating & for various values of the magnetising current, and pre- 
ferred to keep the statement general. Consequently I had to leave out 
of that passage all reference to the tables on page 387, and I did not 
state the value of &. Although it is true that for a motor converter 
with large magnetising current (25 to зо per cent.) the factor Ё is 
slightly smaller than for the rotary, providing the alternating-current 
wave-form is a true sine wave, I did not consider it necessary to go 
into this detail, since this slight advantage of the rotary is more than 
counterbalanced Бу the extra losses due to larger higher harmonic 
currents in its windings. 

'The reason why the comparison was made for 30 per cent. wattless 
current and f. = о:6 р, to which Mr. Peck objects, is obvious, for in 
this case А being equal, all other cases can be judged from this as a 
standard. 

It is also evident that for р. = fe the rotary has a slight advantage, 
which, however, in many cases is again counterbalanced by the effects 
of the higher harmonic currents, and in this connection it is interesting 
to compare the efficiencies of rotaries and motor converters under 
actual working conditions. 

Before doing this I will deal with the other remarks of Mr. Rosen- 
berg. Не says that in the first part of my paper I never use the 
expression “rotary converter” for the one part of my machine, but 
that I always call it a direct-current machine ; he further argues that 
if I had called it a rotary I could not have claimed the many advan- 
tages which the motor converter has over the plain rotary. The direct- 
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current end, however, is not a rotary, it only works partly (generally опе- 
half) as a rotary, and there is certainly no more reason to call it a 
rotary than a direct-current machine. Moreover, there are only about 
sixty lines of print between the introduction of the words “ continuous- 
current machine " and the statement that it works partlv as a rotary. 
At any rate, the direct-current end is a low-frequency machine, and it 
is the high-frequency rotary which has given, and 1$ still continuously 
giving, all the trouble, a fact which has caused not only British but also 
Continental engineers to have such a deep-rooted objection to machines 
of this description. 

Mr. Rosenberg goes on to say that the motor converter with 23 pec 
cent. magnetising current at no load has до per cent. magnetising 
current at full load, just as an ordinary induction motor. Now the 
motor converter happens to be a synchronous machine, and, as theory 
tells us, there is not any such increase of wattless current as with the 
induction motor, and actual tests have amply proved the correctness of 
this theory. Moreover, the motor converter is usually built with high 
reactance, and consequently the magncetising current is very low; in 
fact, machines with 15 per cent. magnetising current are in successful 
operation. 

Mr. Rosenberg has misunderstood my statements. So again with 
reference to the use of a booster to improve the power factor. The 
question is that a rotary requires a. booster for a comparatively small 
voltage variation for which motor converters can be built without a 
booster. For extremely wide voltage regulation a booster may be 
advisable for a motor converter as well, and it is necessary when 
power-factor unity is to be maintained under these conditions. Мг. 
Rosenberg thinks it remarkable that a rotary has been built for the 
same range of voltage as I give on page 392 of my paper. But there 
is nothing remarkable in that, as different tappings on the transformer 
are used for 440 volts and 525 volts, and only 5 per cent. true regula- 
tion is obtained. No such additional complication is necessary with 
the motor converter, and there the full range of voltage from 
420-550 volt—that is, 30 per cent. true regulation—can be obtained. 
Moreover, a similar practice could be followed with motor converters 
by making tappings on the stator windings, that is, shifting the neutral- 
point by cutting out a suitable number of turns, a method protected 
by letters patent held by the inventor of the motor converter, but on 
more than one occasion central station engineers have condemned this 
practice of making tappings on transformer windings, and certainly 
there can be no doubt that it is more satisfactory to do without them. 
With our present practice the motor converter can be switched over 
far more quickly from the lighting busbars to the traction busbars, 
or vice versa, than is possible with the rotary with transformer tappings. 

Mr. Peck considers it a fallacy to state that the high-frequency 
rotary cannot be made to run satisfactorily, but he omits to say that 
with the introduction of such machines one cuts down the limit 
between a stable and an unstable and unsatisfactory machine to a 
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very fine point. Even although a few high-frequency rotaries may 
be made to give some satisfaction in actual practice this still remains 
the exception and not the rule, and stable running in these cases might 
possibly be upset by the introduction of more rotaries of the same 
design in the same station, or by changing the plant at the generating 
station, when phenomena of resonance may take place, such as men- 


‘tioned by Mr. La Cour in his contribution to the discussion. 


Mr. Seabrook's argument that a difference of efficiency of one per 
cent. is so important that it would not pay him to run motor converters 
with a day and night load, even if they were supplied free of charge, 
seems strange, as he has nine stations with motor-generators and 
three with rotaries. One cannot help wondering how under these 
conditions motor-generators with 4 to 5 per cent. lower efficiency can 
pay when only run during the daytime. 

With regard to floor space I can but repeat my statement that there 
are scveral installations, where by the adoption of motor converters 
plant of considerably greater capacity has bcen put into the space 
available than would have been possible with rotaries. The argument 
that transformers do not take up any room at all because they can be 
placed in the basement is a fallacy—in fact, the whole motor converter 
could be put in the basement. Тһе only rational way of looking at : 
this matter is to consider the floor space taken up by the motor 
converter as against the rotary and its accessories. 

On the question of output, in spite of the fact that the motor con- 
verter was a new type of machine and that many engineers hesitated 
to instal converters on their mains before their advantages had been 
proved in actual practice, the output of motor converters is still con- 
siderably more than that of rotaries, which alone is sufficient evidence 
of the rapidity with which the motor converter has gained popularity 
through its inherent merits and despite slightly higher first cost. It 
would be interesting to know how many rotaries of less than 50 cycles 
(334 and до) are included in Mr. Peck’s term “high-frequency rotaries.” 
The actual output of 50-cycle 500-volt rotaries in this country falls 
very much short of 40,000 k.w., and in view of the fact that the motor 
couverter is now so widely known it is not probable that the high- 
frequency rotary will find many advocates іп future. 

With regard to Mr. Peck's remarks on the starting up of motor 
converters, it will be found that it is far easier to synchronise on the 
voltmeter on the starter of a motor converter than by means of a lamp 
or synchroscope with the rotary. And this is obvious, as the motor 
converter is actually connected to the alternating-current mains and 
follows the fluctuations of frequency, whereas a rotary is not so con- 
nected, and thus cannot possibly follow such fluctuations. Тһе result 
is that it often happens when synchronising rotaries one just misses 
a shot, as it is technically called. As a rule neither the rotor resistance 
nor the field rhcostat of the motor converter are touched during the 
starting period, but even if any adjustment should бе required it would 
бе a mistake to operate both, as Mr. Peck suggests. 


1909. ] OF MOTOR CONVERTERS: DISCUSSION. 421 


Mr. Jenkin's statement that it is necessary to watch the building 
up of the direct-current field naturally refers to first start ; later on it is 
not necessary when the machine is permanently connected for self- 
excitation. 

With regard to the question of efficiency, Mr. Peck suggests that 
the curve on page 390 is impossible of realisation by calculation of 
separate losses. This is incorrect, as this efficiency curve shows real 
figures, as obtained in actual practice. 

I may here refer to the efficiency figures given by Mr. Pearce in his 
contribution to the discussion, and it will be seen that these particular 
figures would be still more impossible of realisation according to Mr. 
Peck's method of calculation. The efficiency at full load of the 500-k.w. 
set is slightly less than given in my paper, owing to the fact that this 
particular machine was built for a 30 per cent. voltage regulation, At 
quarter load the efficiency is, however, substantially higher—in fact 
higher than can be obtained with a rotary and its transformers. I 
may mention here that tests carried out in the Manchester Corporation 
sub-stations showed the remarkable difference of 12 per cent. in the 
efficiency of 250-k.w. motor converters and motor-generators at quarter 
load. 

In his communicated remarks Mr. Peck states that the separate loss 
method is the most accurate one for obtaining efficiencies. Now, it is 
quite true that with the in and output method the inaccuracy of instru- 
ments to the amount of about 1 per cent. has to be accepted. But 
there is no reason why this error should always be accumulating, that 
is in opposite sense for alternating-current and direct-current instru- 
ments. Moreover, the measured efficiency may just as well be too low 
as too high, and in fact, when one takes a great many readings and 
repeats this for many machines, there is no reason why the average 
figure should not be a very good approach to the real efficiency. With 
the separate loss method, however, one always gets too high figures, 
and this is especially the case with rotaries, where the higher harmonic 
currents cause considerable losses and have to be paid for by the 
station engineer. 

: There is no doubt whatever that the efficiency of a 550-k.w. rotary 

converter under actual running conditions is about 2 per cent. less than 
Mr. Peck calculates from his separate losses, and in this connection 
it is significant that many engineers have stated that the high efficiencies 
claimed by the manufacturers of rotaries are not realised in practice. 
This is not surprising when they arc obtained from the separate loss 
method, which is, for the reasons stated before, a peculiarly unsuit- 
able method to determine the actual efficiency of a rotary, however 
admirable it may be for obtaining hypothetical and inviting figures. 

The Hopkinson method of dctermining efficiencies, а method 
which is universally known and acknowledged to give the most 
accurate results, cannot be used for rotaries, one sufficient. reason 
being the instability of the machines under these conditions. With 
motor converters this method has been followed, and it has shown 
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over and over again that the efficiencies given in my paper are actually 
realised. І can answer in the negative Mr. Peck's suggestion that 
special Stalloy steel was used. 

One point I have still to refer to. According to Mr. Peck, 6,000 volts 
is the highest voltage for which it is safe to wind high-tension windings, 
but in fact for sizes over 250 k.w. it is quite safe to go up to 10,000 volts 
and over. I admit that there was a time when electrical manufacturers 
had considerable trouble in making extra high-tension windings abso- 
lutely safe, but fortunately considerable progress has been made, and 
such stationary high-tension windings can now be made just as safe 
as revolving low-tension windings. The firm I am connected with 
have perfected such windings to such an extent that no breakdown 
has occurred on the stator of any motor converter with the style 
of winding adopted about three years ago, and which is now 
always used. These windings are giving satisfaction on 10,000-volt 
mains. 

Mr. Howe, for some unexplained reason, considers the large react- 
ance, which is usually given to the induction motor of a motor 
converter, a disadvantage. Mr. Faye-Hansen, however, states as an 
advantage that the transformers of rotaries can be given an equally 
high reactance. For a given load and direct-current voltage, a rotary 
with low reactance transformers cannot be made to give the leading 
current required under different conditions of the network. А certain 
leading current will correspond to every alternating-current voltage 
and frequency, and in order to regulate this leading current a booster 
is required, just as with a motor converter. Mr. Faye-Hansen further 
states that a rotary with low reactance transformers running inverted 
has a better voltage regulation on the alternating-current side than 
a motor converter, but he omits to state that a special exciter is 
required to keep the rotary from racing when wattless currents are 
taken from the machine. А motor converter does not require such an 
exciter, and when provided with a booster instead, it has an infinitely 
better regulation than the rotary. He further states that if no special 
reactance is required for other purposes, the reactance of the trans- 
former can be made so as to get the greatest stability of running. Just 
so; in all other cases where such special reactance is required the 
stability of running has to be sacrificed, and many an engineer has 
experienced this to his great sorrow and disappointment. This is 
another advantage of the motor converter ; nosuch sacrifice is required, 
because the hunting trouble is unknown. Further, it is not correct 
that the reactance of the motor converter is controlled by the design 
of the machine, as there is a special method of obtaining this large 
reactance without interfering with the flux and number of turns, this 
method having the additional advantage of giving a low magnetising 
current, with an overload capacity corresponding to a low reactance. 

I think that the following table gives an impartial review of 
the cases in which the various types of converting plant are to be 
used :— 
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USE OF VARIOUS TYPES OF CONVERTING MACHINES. Мг. Hallo. 
| 
Conversion | 
Alternating Current 
— Direct Current Motor Motor R 
eriodicity. or Converter. Gencrator. otary. 


Direct Current 


Alternating Current 


Under 25 | Alternating current | No — .. | Only for large | Yes, except for 


| cycles Direct current _ voltage varia- large voltage 
tion Variation 
Direct current No  .. ... | Yes, synchro-| Only for 
Alternating current nous powcr-factor 
unity 


! 2510 40 | Alternating current | Yes, except for | Only for voltage | Yes, except for 


cycles Direct current - voltage regu- regulation voltage regu- 
lation over over 30 per lation over 
30 per cent, cent. 10 per cent. 
Direct current Yes, except for | Only for power | Only (ог 
Alternating current power factor factor under power-factor 
under 0'8 о 85 unity 


40 cycles | Alternating current | Yes, except for | Only for voltage | Мо 


and "Direct current voltage regu- regulation 
over lation over! over 30 рег 
30 per cent. cent. 
Direct current Yes, except for | Only for power | No 
Alternating current power factor factor under 
x under о8 о%5 


Of course, with such a complicated subject no full information can 
be put in such short tabular form ; considerations of boosters, etc., 
had to be left out. In special cases it will be necessary to study the 
subject nore deeply, and Г hope that my paper will facilitate such 
studv. 

One point strikes the observant reader of the discussion of this 
Paper, which was written with the object of bringing the theoretical 
side of the motor converter more into the foreground, seeing that its 
applications had become so wide and varied. No special chapter under 
the heading “ Comparison of Various Types of Converting Plant” was 
introduced, and only in a short introduction were the other types of 
converting plant referred to with their advantages and disadvantages. 
It cannot be wondered at, however, that the discussion centred itself 
round this point, which is of such eminent importance from the 
practica] point of view. 

The PREsIDENT : I have now the pleasure of proposing a hearty E e. 
vote of thanks to the author for this paper. 

The vote was carried by acclamation. 
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EXTENDING THE LIMITS OF POWER 
TRANSMISSION. 


AS APPLIED BOTH TO LONG-DISTANCE TRANSMISSION 
OF POWER AND TO POWER COMPANIES' AREAS. 


By A. M. TAYLOR, Member. 


(Paper received from the BIRMINGHAM LOCAL SECTION, December 18, 1908, and 
read at Birmingham on March то, 1909.) 


The present paper consists merely of a few brief notes and sugges- 
tions, and does not attempt to deal with the subject іп a comprehensive 
way, the object being to draw attention to certain possibilities in the 
way of commercial developments that, as far as the author is aware, 
have been somewhat overlooked. 

The question of long-distance power transmission will first бе con- 
sidered. 

I. OVERHEAD LINES. 


The cost of long-distance 3-phase overhead lines may be divided 
up into the cost of copper and the cost of supports. 

The capital cost of copper at £60 рег ton, employing an initial 
voltage of 270 volts per mile of line, a current density of 250 amperes 
per square inch, and a combined drop of 35 volts per mile, amounts to 
roughly £20 per effective kilowatt transmitted, assuming power factor 
equal to 8o per cent. 

On a roo-mile line this would mean an initial voltage of 27,000, 
a total combined drop of 13 per cent., and a capital cost of £20 per 
kilowatt transmitted, which, on a 25 per cent. load factor, and taking 
interest, sinking fund, maintenance, and depreciation at 25 per cent. per 
annum, would mean a charge of roughly 34. per unit transmitted. 

By increasing the length of line to 122 miles, the line voltage being 
kept at 27,000, the capital cost per kilowatt would be increased to 430 
per kilowatt transmitted. 

So mueh for the copper part of the line; now for the supports. 
For light lines we may, perhaps, take £200 per mile as a minimum 
figure, while for heavy lines £500 per mile may be easily reached, 
excluding wayleaves. 

Assume the power delivered to receiving end of line to be, say, 
10,000 k.w.; this would require the heavier line construction, but, on 
the other hand, the cost per kilowatt would come out less than if we 
took a much lighter line, suited to the cheaper posts and insulators. 


TŘ 


Capital cost per effective kilowatt transmitted 
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A line тоо miles long would, therefore, cost £50,000, or £5 per 
kilowatt transmitted for the capital cost of poles and insulators. 

The smaller line, for, say, 1,000 k.w., would have cost £20 per 
kilowatt transmitted, for the same items. 

It will be evident that on copper figures, and with a limit of 27,000 
volts and 10,000 k.w., 100 to 120 miles is about the economical limit 
for the bulk of the transmission, and 50 miles with 1,000 k.w., except 
where coal is very dear. 

In Fig. га curve is given connecting copper cost per kilowatt trans- 
mitted with length of line, for a given percentage volt drop and a given 
initial voltage. 

In Fig. 2 is given the cost per kilowatt for the supports, plotted with 
length of line, for different kilowatts transmitted. 

It will be granted that any means which would halve the cost of the 


gw 


И ota СОУ; 


-mile' single line. 


Tr 


copper in the line would virtually increase by some 30 to 40 per cent. 
the possible distance of supply (in bulk), and thus be extremely useful 
in bringing the water-power—which is mostly in inaccessible spots— 
to the big towns, where there is a demand for the power. 

It will probably be also agreed that in many cases, especially where 
the line has to traverse mountainous districts for many miles, and 
is subject to interruptions through difficulties of inspection, etc., it 
becomes desirable to duplicate both poles and wires, and the cost of 
the line is thereby doubled. 

The author's proposal is that electrical storage on a large scale should 


Бе carried out at the distributing centres, the reliability of the line 


being thereby increased to an extent that would warrant a second line 
being dispensed with. At the same time, he hopes to show that it is 
not necessary to trade upon the latter assumption in order to show a 
case for storage. 

VoL. 43. 28 
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The batteries would be arranged to take up 50 per cent. of the 
peak, thereby halving the copper costs for the line. 

In the case of a 10,000-k.w. 122-mile transmission with a single line, 
it will be found that, without raising the E.M.F. or increasing the line 
drop, the radius of transmission can be extended to 165 miles for the 
same total capital cost of 30 + 6 = £36 per kilowatt transmitted. 

To cover this distance, with a single line, and with the E.M.F. 
limited to 27,000 volts, would have cost, without storage, some £63 per 
kitowatt transmitted. The storage scheme is thus some £27 per kilo- 
watt the cheaper, as far as the line is concerned. 

If the 122-mile line above considered had been run in duplicate, as 
regards the copper, only one line of poles, however, being provided, the 
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radius of transmission could have been extended from 122 miles to 
about 230 miles without increasing the capital costs of the line. 

It will, no doubt, be objected that the author has taken too low a 
voltage, and that 50,000 volts might with advantage have been con- 
sidered. But against this it may be said that the higher voltage brings 
its own disadvantages, and that, where the line has to pass through 
damp ог smoky districts, the higher voltage would be risky. 

Another point that makes for the reduction in voltage is the fact 
that the distributing part of the line not infrequently equals the trans- 
mitting part of the line in length or is worked at a lower voltage (as 
for instance, the St. George's and Fabrezan transmission, referred to 
later). Consequently, the total cost of the line and distributors will 
really be that of a line working at an average voltage much below that 
of the initial voltage ; and any saving effected on the first part of the 
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line is, in part, compensated by the cost of the extra step-down trans- 
formers and the higher insulation wanted throughout the high-tension 
section. 

In the example already considered, the resistance loss would be 
8 per cent., and with a current density of 400 amperes per square inch, 
this might be run up to 16 per cent. With a battery at the distant end 
of the line a much greater resistance drop than 8 per cent. could be 
allowed in the line without the regulation of voltage being seriously 
affected; and it will probably be conceded that, in most cases, а 
greater resistance drop will be considered preferable to the risks 
introduced by increasing the voltage. 

One disadvantage of the lower voltage would be the considerably 
increased reactance on such a line ; but the reduced generator capacity 
caused Бу this can be eliminated at moderate cost, and the author has 
definite proposals to make in this conuection, but to touch upon these 
now would unduly lengthen the present paper. 

It will, of course, be understood that, whether 50,000 volts or 30,000 
volis be employed, the percentage increase in the length of the line 
effected by the use of accumulators, for a given total copper cost, 
remains unaltered ; but the item for supports is cvidently greater, in 
Proportion to that for the copper, with the higher voltage, and some- 
what reduces the length that would otherwise be permissible. 

If, as suggested above, we take account of the much greater facilities 
for regulation provided by the employment of storage at the recciving 
end of {һе line, it will be found possible to double the resistance drop 
in the line and thus roughly to double the distance of transmission. 
Thus, the 122-mile single line considered іп Fig. І could be lengthened 
lo 220 miles, without any additional cost being incurred on the line, by 
the employment of storage ; while, had the line bcen originally laid 
out in duplicate (as far as copper is concerned), it could have been 
extended to 304 miles for the same total cost in copper and supports. 

The author suggests that, considering the desirabilty of being able 
to shut down one half of the line copper for repairs to insulators, etc., 
it will often be found advantageous to provide the spare copper circuit, 
Where there is no storage. With storage at the consumer's end of the 
line, it is, of course, possible to deaden the line at certain times of the 
day without interrupting the supply. 

The batteries and auxiliaries required for storage can in most, if not 
in all cases be provided for out of the saving in generating plant, step- 
ир and step-down transformers, turbines, head works, and buildings, 
only half the horse-power being needed that would otherwise be 

TeQuired. 

Where the heads of water are low, the costs of the plant and head 
Works run up rapidly, as will be seen from Table A, which gives the 
Costs stated to have been incurred in some of the Swiss water powers, 
the average figure being about £73 per kilowatt. 

On falls such as these the saving in generating plant and head works 
would suffice to extend the line to no less than 210 miles without 
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increasing the total capital cost of the scheme, as compared with a 
single-line 122-mile scheme without storage. Тһе further extension, 
due to saving in line copper, has of course to be added. 

The cost of batteries to deal with a load curve of the type shown in 
Fig. 4 would be about £10 per kilowatt, to which about £3 105. per 
kilowatt must be added for auxiliaries and accessories, on alternating- 
current systems. 

Where the batteries cannot be paid for out of the saving in gencrat- 


TABLE A.* 


Cost of Power 


, Station Horse-[« ЖЕК anes но Kd ait 

xx bend of |. Installed. | ретапаеа. | Demanded. | Demanded, 
£ & £ 
La Goule ... 57,300 3,650 1,700 34 48 
Сепеуа ... | 280,000 12,000 8,100 26 37 
Lintnal es 16,500 1,000 510 32 46 
Hauterive ... | 260,000 7,200 4,900 54 77 
Mont Bovoa ... | 232,000 5,400 2,650 88 125 
Kubelwerk ... | 270,000 4,200 3,000 69 98 
Fihl ... ... | 104,000 2,000 1,960 52 74 
Wynan ... | 120,000 5,750 2,800 43 61 
Hagneck ..| 216,000 5,200 2,700 80 114 
Веупап ... | 341,000 11,700 8,450 40 57 


аа 252 о —— ——— M — —— 


ing plant, they must, of course, be paid for in part out of the linc 
savings; ie., the full benefit of the increased lengths above indicated, 
cannot be obtained. 

Тһе advantage of having a standby at the consumers' end of the 
line, equal to the maximum capacity of the whole scheme for short 
periods, is one which, of course, cannot easily be expressed in monctary 
value, but is nevertheless very great. 

Тһе savings on a large power transmission scheme by the int: oduc- 
tion of storage are not confined to the items above considercd, such 
fixed charges as wages, management, taxes, water-power purchase 
rights, etc., being all reduced with the reduction in the rated size of 


* Electrical Engineer, vol. 41, p. 452, 1908. 
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the generating station and line ; and these would, of themselves, the 
author estimates, alone more than pay for the cost of maintenance of 
the batteries and auxiliaries. 


П. UNDERGROUND CABLES. 


The author believes that similar arguments to the above will in- 
fluence those power companies which have to cover large arcas, in the 
direction of putting down accumulators at the distributing centres, or 
offering their customers such terms for current during restricted hours, 
for charging purposes, as will induce them to put down accumulators 
themselves. 

Take the case of a small town on the outskirts of a power сот. 
pany'sarca. If the power company has to run a special feeder out to 
that town, it may easily happen that the costs of that feeder, especially 
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if in duplicate, may run into £10, or more, per kilowatt of maximum 
demand, and, if the load factor is low, this is a serious item. 

In this case the savings in fixed charges at the generating station, 
as the author has shown in a recent article,* would alone pay for the 
cells, and the saving in the feeder could be put down as clear profit. 

Or, again, a power company covering a very large area and confined, 
by lack of facilities for cheap power production, to one part only of 
this area for its generating station, might find it practicable to 
reduce materially the costs of its general transmission and distribution 
system, as well as improve the rcliability thercof, by employing large 
batteries in its own sub-stations. 

To emphasise the importance to a power company of the saving 
that might thus be effected in underground feeders, the author has 


* Electrician, vol, 62, p. 305, 1908. 
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plotted the costs for duplicate underground feeders for three different 
sizes such as would be run to a small town. These costs are plotted in 
Fig.3. They аге taken from curves given іп a paper by Mr. J. Е. C. Snell.* 

It will be seen from these figures that if a power company had to 
run a special feeder ro miles long to pick up the load of a small town, 
it would cost them, if the load was not above r,ooo k.w., something 


Area àbove line AB E 48,500 K.W-H 
" below =» " E 76,000 =" 
. Лоса! capacity of engines = 144000 + 
Available for charging cellS (144,000 = 76,000) = 68,000 K.W-H. 
Useful units required from cells = 38,500 W-H. KW 
Charge Sequined into cells s 55,000 « 12,000 
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like £20 per kilowatt, if the feeder was laid in duplicate. Much 
greater reliability of supply could, with storage, be obtained with a 
single feeder of only 50 to бо per cent. of the sectional area of опе of 
the others, the capital cost in such case being not much more than half. 
The battery costs necd not be debited to the feeder, for they will be 
saved over again in other directions, and the result is a clear saving in 
fecder outlay of £8 to £10 per kilowatt—enough in some cases to make 
the difference between profit and loss. 


* Journal of the [ustitulion of Electrical Engineers, vol. 40, р. 288, 1908. 
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The diagram will also serve to emphasise the importance of any 
saving which a power company may make in its general transmission 
system, such as it would do by installing battery sub-stations at suitable 
points. 

In this connection the author would like to call attention to, in his 
opinion, a somewhat prodigal provision for generating stations made 
by several of the power companies, as indicated in the maps of areas 
of these companies, published in the Electrician's Annual Tables 
(accompanying the issue of January rst of that paper). 

A glance at these maps will show that generating stations are 
projected, at the following distances apart, in the case of :— 


North Metropolitan Electric Supply Company 9 miles apart. 
South Wales Electrical Power Distribution 
Company “з vex 12 $ 
Clyde Valley Electrical Paso Сенату Е 16 jj 
Yorkshire Electric Power Company | > И 
Fi у (а) 6 T. 
ife Electrical Power Company } (P) 13 
Lothians Electric Power Company  ... ies | E S Ё 
Leamington and Warwick T | (n = 5 
ги | (а) 8 Е 
Derbyshire and Nottingham (b) 15 
Cumberland E.P.G. Company ... sii ies 84 T 
Gloucester E.P. Company АР те ‘as 134 a 
Somerset E.P. Сотрапу... s js 42% IO F 
Kent E.P. Company see is Sh sie | | 25 4 


ХОТЕ.— (а) signifies possible alteraative sites lor station ; (b) signifies 'o not 
appear to be alternative sites. 


Diagrams are given of the stations scheduled or equipped by the 
first six companies (see Figs. 5 to то). 

In view of the saving, both in capital cost and in working expenses, 
of large stations as against small ones—the saving іп the former being 
given by Mr. Addenbrooke recently as amounting to £17 per kilowatt 
of maximum demand, exclusive of distribution, as bctween 2,500 k.w. 
and 40,000 k.w.—the author thinks that sufficient attention has perhaps 
hardly been paid to the desirability of covering a large arca from 
a given power station, even, if necessary, at rather higher costs for 
distribution. 

Mr. Addenbrooke, it is true, shows reduced costs for distribution 
with the larger stations, but this can only be, the author thinks, on the 
assumption that the larger stations were put down in the more densely 
populated districts, and required less cable per kilowatt connected. 


( March 10th, 
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It is found that, with ro,ooo volts and 1,000 amperes per square 
inch, the resistance drop amounts to 7$ per cent. per то miles. Since, 
in the early stages of the scheme, it would be most unlikely that the 
current density would average, throughout the length of the cable, 


Analysis of Зеспоп Marked B in Fig. 11. 


Element | Dccrement Load on Amperes at | Length in Current Per Cent. 
of Route. of Load. Element. | 10,000 Volts. Yards. Density. of Отор. 
Kilowatts. Kilowatts. 

No. 1 800 1,800 108 2,053 1,000 0°87 
‚+2 50 1,000 60 1,760 555 0:41 
» 3 200 950 57 2,040 527 0'59 
„ 4 200 750 45 352 417 0°06 
» 5 200 550 33 боо 300 . O'IO 
» 0 50 350 21 1,320 104 oll 
» 7 100 300 18 3,226 167 о'2 
» 9 200 200 I2 350 111 0:02 

1,800 — -- 12,501 -- 2:39 


Analysis of Section Marked C іп Fig. 11. 


| 
No. I | 50 1,650 99 1,760 1,000 075 
i ai 200 1,600 96 782 970 0:32 
» 3j 450 1,400 84 2,110 848 0:70 
» 4 400 950 57 440 576 Ol 
„5 100 550 33 2,405 334 035 
„ 6 100 450 27 3,190 272 0°37 
» 7 50 350 21 3,270 212 0:29 
» 8 200 300 . 18 390 182 0'03 
» 9 100 100 6 295 61 ОО! 
| 1,650 — — 14,702 = 299 
Analysis of Section Marked D in Fig. 11. 
No. I 400 2,000 120 | 4,840 1,000 2:00 
$e 42 100 1,600 9 | 390 800 0:17 
n 3 750 1,500 90 | 390 750 0:12 
А. 4 750 750 5 | 220 375 0'03 
н | 5,840 --- 2 35 | 


anything higher than 500 amperes per square inch—take, for instance, 
the (existing) Power Company's scheme illustrated їп Fig. 12—the 
drop on a ro-mile radius may probably be taken as not exceeding 
31 per cent. It would theretore look as though it would have been 
safe to space the stations, say, 18 to 20 miles apart instead of то to 12 
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miles apart, as obtains in several cases in the above table, and to put 
down transformer sub-stations, where the voltage could be boosted up 
if necessary. 

The author suggests that, where accumulator sub-stations are put 
down for dealing with the peak of the load, the load transmitted at the 
time of the peak can in some, if not in most, cases be reduced to 
one-half, and in others may be reduced to nothing. 

This may be taken advantage of, either to cut down copper and 
save in capital outlay in the transmission line, or to double the length 
of that line and increase the distance between generating stations from 
18 miles to 36 miles. It will be granted that the voltage regulation at 
the boundaries of the system will be so improved by the employment 


LAY-OUT OF AN EXISTING POWER COMPANY'S MAINS 
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of the battery sub-stations that a greater loss іп transmission тау be 
allowed, and fhus sufficient copper be saved to double the length of 
the copper conductor and pay for the cost of insulating, armouring, 
and laying the additional length. 

It will also be granted that such an extension of the radiusof supply 
would, in many cases, represent quadruple the load on a single station, 
and enable companies supplying sparsely populated districts, or large 
areas, to avail themselves of the saving in the capital invested in, and 
in the working expenses of, the generating station, which Mr. Adden- 
brooke very rightly pointed out can be made. 


GENERAL. 


It will, no doubt, be readily conceded that any means that will 
permit of a battery installation on either а water-power. scheme or 
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a power company's scheme being commenced with a minimum of 
outlay and a maximum of reliability is to be welcomed. When put 
down on the lines usually followed, accumulator batteries do not 
readily lend themselves to extensions, without a grcat sacrifice in floor 
space and a considerably increased capital expenditure above what 
the author considers necessary. 

In accumulator sub-stations with alternating currents, there is not 
much experience to go on in this country ; but in the United States 
considerable attention is apparently being given to the use of rotary 
converters—whether of the “ split-pole " type or of the “ booster” type 
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—in conjunction with storage batteries on alternating-current systems. 
'The author has proposals of his own to make in this connection ; but 
prefers to wait till they have been put to the test of experience before 
bringing them up for discussion at this Institution. 

It might be thought at first sight that the energy losses on an alter- 
nating-current scheme would be serious, but, on a water-power scheme, 
the cost of each unit of electricity put into the battery, if put in at suit- 
able times, is only of the order of o'osd. ; consequently, neither the 
efficiency of the rotary converter nor that of the battery is so important 
as to weigh seriously in comparison with the charges on thc line and 
generating plant. 
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On a power company's distribution scheme, where the power is 
generated by steam, the cost of the energy put into the cells for charg- 
ing purposes is only of the order of o'iod. per unit; so that here 
again the efficiency of the rotary converters and of the battery is not so 
important as might be thought. 

To engineers interested in the general question of batteries used in 
the sub-stations of alternating-current and direct-current systems to 
take up the peak of the load, the author would here state that some 
of the points raised in this paper will be found more fully discussed 
in a rccent article,* and in a paper read by him before the Municipal 
Electrical Association on July 3, 1908, entitled * Alternating-current 
Accumulator Sub-stations." 

Fig. 12 shows a plan of the system of the Société Energie Electrique 
du Littoral Mediterranée ; and for further particulars of these systems 
members are referred to the article by Dary. | 

А plan of the area fed by the water-power transmission system of 
the Société Meridionale de Transport de Force is given in Fig. 13. 


DISCUSSION. 


Mr. W. E. CHAPPELL : I regret that I am unable to agree with some 
of the statements put forward by the author of the paper. He estimates 
£500 per mile as a price which might easily be reached for the supports 
of a heavy overhead line. It тау be interesting to know that for £293 
per mile it is possible to supply and erect the steel towers of a thoroughly 
up-to-date line for transmitting 10,000 k.w. at a pressure of 40,000 to 
60,000 volts. This price also includes the cost of the line insulators оп 
voltages up to 60,000. It would not be policy to employ wooden poles, 
as the depreciation is very great, being about 10 per cent. on the poles, 
124 per cent. on the insulators, and 5 per cent. on the copper. In 
a number of installations in the United States it has been the practice 
to supply transformers which can be adapted for either 40,000, 50,000, 
or 60,000 volts, and to start the transmission at 40,000 volts. As the 
demand for energy increases, the transmission voltage may be raised. 
The author states that by employing a battery it would be possible to 
cut down the copper by 50 per cent. ; but this is somewhat doubtful, 
and, furthermore, in putting up overhead lines, it is not so much the 
carrying capacity that determines the size of the cable as the length of 
span, the stresses due to wind pressure, and other conditions. In the 
United States there are five systems in operation similar to that pro- 
posed by the author, and the results obtained by the working of these 
systems have not been as good as the originators hoped. Опе of the 
systems has been abandoned, two of them are working fairly well, and 
the remaining two are anything but satisfactory. With reference to 
the author's statement that a battery would enable a portion of the line 
to be completely shut down for repairs, this is only possible if there are 
no consumers on that particular section of the line; and in supplying 


* Electrician, vol. 62, p. 305, 1908. 
t Electrical Review, vol. 02, рр. 533 and 703, 1908. 
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energy in bulk, the demand on a battery would be so great that it could 
not continue the supply for a longer period than two or three hours. 

Mr. J. P. Kemp: I agree with Mr. Taylor that there is a good deal 
to be said for the adoption of accumulators, one point which appeals to 
me being the very high emergency value of a battery and the improved 
voltage regulation which its use ensures. I cannot agree, however, that the 
extraordinarily low cost of ота, per kilowatt-hour is the correct charge 
for the energy put into the battery. Mr. Taylor has assumed the most 
ideal conditions, and is evidently basing his estimates on the fact that the 
battery charge is done without running any additional plant, but merely 
by improving the running plant load factor. There is, however, a limit 
to this, and it will somctimes be found necessary to run additional plant 
in order that the batterv may be charged in the time allocated, in which 
case the cost of the energy would certainly exceed the figure he gives. 
The figure (ота. per kilowatt-hour) 15 not one which can be realised іп 
practice, except possibly іп a water-power scheme. І would like the 
author's opinion as to what percentage of the peak should be taken up 
by the batteries in the case of a combined traction, lighting, and power 
system like that at Birmingham ; 50 per cent. seems to me too much to 
be scriously entertained, and I am not aware of any place where more 
than ro per cent. of the peak has been taken up. With regard to Mr. 
Taylor's criticism of the positions selected by the various power com- 
panies as sites for their proposed stations, it ought to be borne in mind 
that, although the geometrical centre of the county might be an ideal 
position for a central generating station, there аге numerous difficulties 
which, in many cases, prevent this from being carried out in practice. 

Мг. Е. Forrest: The author's figure of 270 volts per mile seems 
unduly low in view of the success with which large transmission 
schemes operate at double this pressure. Тһе current density he 
mentions—viz., 250 amperes per square inch—whilst being probably the 
economical limit for long lines, should certainly be greatly increased 
for short-branch networks if saving in capital cost is the chief object 
in view. The author makes a great point of the extra reliability attend- 
ing the use of the batteries in sub-stations, and states that one line with 
batteries is as safe as double lines without them. I think it would hardly 
be wise to rely on the batteries, because in the event of a serious brcak- 
down of the supply they would only be capable of taking the whole of 
the load for two or three hours ; whereas, in mountainous country, it 
might easily take two or three days to locate and repair a fault in a 
150- те line. The author also states that, with batteries, it would be 
possible to lay the lines дела at certain times for repairs. If Fig. 4 
shows an ideal load curve from Mr. Taylor's point of view, then it 
would be necessary to run machines night and day to charge the 
batteries or to run a share of the load. And when would the repairs 
be carried out? The author makes light of the question of the 
efficiency of his alternating-current battery sub-station ; but engineers 
will hesitate to adopt any scheme which would undoubtedly involve 
the loss of 45 per cent. of all units they generated. 
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Mr. W. E. GRovEs: I agree with the last speaker that a single line 
with a battery at the far end would be impracticable. The time taken 
to locate and repair a fault on the line cannot be predetermined, and 
unless the battery is of abnormal dimensions it will be no security 
against a shut-down. Batteries can only be used for saving copper 
within very definite limits, the minimum provision being mains in 
duplicate, each one capable of taking full load without damage to 
the cable or serious injury to the reputation of the supply authority 
should one main fail and the battery become exhausted. А shut-down 
due to accident to plant can usually be avoided by the installation of 
a battery, but the situation where а main fails is entirely different. Іп 
stating the case for batteries, therefore, we should not bring forward 
saving in copper in the line as an argument in their favour, though 
credit must be given for their useful qualities in respect of regulation, 
improvement of load factor, and reliability. 

Mr. P. В. BovrToN: The cost of energy put into the battery even 
in a fairly large station must be nearer o'2d. than o'1d., the amount 
stated on page 438. А previous speaker has criticised the figure taken 
for current density, and has mentioned a much higher figure. It was, 
however, the voltage drop that was the determining factor, and not the 
heating limit. I think it might be possible, in connection with the 
author's scheme, to strike a compromise and employ batteries of a 
smaller capacity, thus reducing the losses incidental to their use, while 
at the same time obtaining the advantage of better regulation on peak 
loads. 

Мг. N. B. RosHER: Referring to page 424, I should like to know how 
the author arrives at his figure of 25 per cent. for interest, sinking fund, 
maintenance, and depreciation on the copper part of the transmission 
line. Assuming interest to be at the rate of 5 per cent. and depreciation 
and sinking fund 8 per cent., this will leave 12 per cent. maintenance, 
an extremely high бриге, especially in view of the fact that the copper 
part of the line only is included and not the supports. Taking the 
author's figures of £20 per kilowatt as the cost of copper on a 10,«0- 
k.w. 100-mile transmission linc, the maintenance at 12 per cent. works 
out £2,400 per mile. I would also point out that the improvement 
obtained by the use of a battery to supply 50 per cent. of the peak load 
as shown іп Fig. 4 would, when expressed in percentages, mean ап 
improvement of at least до per cent. in the load factor. 

Dr. G. КАРЬ: The idea of using batteries to extend the radius of trans- 
mission has already been applied, though perhaps not in the extensive 
and perfect manner advocated by the author. Many will remember 
that even in some of the earliest electric railways batteries were put 
into sub-stations placed about one-third from the end of the line, the 
object being to equalise the load on the generating plant and reduce 
the cost of the feeders. Table A on page 428 does not seem to bear out 
the author's contention that a low fall water power is necessarily costly. 
Тће highest cost in this table is given for the Kubel plant, but there the 
fall is very great, in fact so great that Pelton wheels had to be installed. 
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The reason why some of the Swiss water-power stations are costly lies 
in the fact that in many cases a steam reserve has to be provided. The 
power being derived from glacier streams is greater in summer than 
in winter, so that just when inost power for lighting is wanted the 
streams carry least water, and the provision of a steam reserve becomes 
a necessity. I agree with Mr. Addenbrooke that engineers have not 
overlooked the possibility of using the accumulator as a means of 
extending the area of the district served, but they naturally shirk the 
financial responsibility. I might mention a case in point where the use 
of accumulators has been fully considered and then abandoned. This 
was in the remodelling of the public supply of the town of Lucerne. 
Originally Lucerne was served on the single-phase system by two 
stations—one water, the other steam power. Then the town acquired 
а large water power in Engelberg, and this was transmitted to Lucerne 
and distributed by means of the old network, which was perfectly 
serviceable. But the question had to be faced as to what would happen 
if the transmission line were interrupted. То provide against this, two 
methods of accumulating energy were discussed, one by batteries and 
the other by the creation of an artificial reservoir on a neighbouring 
mountain into which water would be pumped when there was a 
surplus of power. Тһе hydraulic storage scheme appeared to the 
engineers rather the safer of the two, and in planning the sub-station 
the possibility that at some future time such a system of storage might 
have to be adopted was kept in view. It was not a new departure ; 
there existed already at that time in Switzerland one installation where 
the principle of storing energy in an artificial high-level reservoir had 
been put into practice. This is in Canton Aargau, and the work was 
carried out by Messrs. Brown-Boveri. "The efficiency can naturally 
not be very high, about 50 per cent. or thereabouts, but as the energy 
required to pump up the water is surplus energy costing practically 
nothing, and the maintenance cost of the hydraulic works is very small, 
there is a clear gain by this kind of storage. I might mention that in 
connection with the large power station now being erected by the town 
of Bale on the Rhine at Augst, provision is being made for hydraulic 
storage, if at a future time it should be required, the site for the future 
reservoir being on a high plateau on the right bank of the river. 

Мг. С. L. ADDENBROOKE (communicated) : The main object of the 
paper, I take it, is to show that by the use of accumulators at the dis- 
tributing end of feeders the copper section in them might be reduced 
or their length correspondingly increased. То avoid getting involved 
in a mass of figures, I think I shall do best to relate my own experience 
in the matter. In my paper on “High-Voltage Lamps and their 
Influence on Central Station Practice, * written before the great 
extensions in distribution at 400 to 500 volts had taken place, very full 
data as to the cost of feeders were given. Considerable space was 
devoted to this method of using accumulators, very closely on the lines 
Mr. Taylor is now advocating, and I think he will find, if he will look 


* Journal of the Institution of Electrical Engineers, vol. 25, p. 208, 1896. 
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the paper up, that very much the same arguments were uscd in their 
favour, together with similar estimates of their costs. I sec that at that 
time, just thirteen years ago, the cost of accumulators was put down as 
£13 for the battery alone, as compared with the £10 Mr. Tavlor gives 
in his paper. Other costs for accessories, including buildings, brought 
up the capital cost to £19 per kilowatt as against £13 10s. in Mr. 
Taylor's estimate, although this does not appear to include buildings. 
Against this, in my paper the sum of £19 per kilowatt was taken as the 
cost of large central-station plant, whereas the cost at present would 
be about £13. Relatively, therefore, the position does not seem to have 
altered very much. On looking back over the practice of the last 
thirteen years, while the practice which I advocated as regards feeders 
has been largely adopted, several well-known central station engi- 
neers have from time to time also assured me that my figures were 
closely borne out in practice. On the other hand, it does not appcar 
that the suggestions as to the use of accumulators on the ends of 
feeders have found general favour, not because the matter has been 
overlooked by engineers, but because each one took up the circum- 
stances of his own particular installation, and has found that on the 
whole the balance of advantages did not warrant the outlay in accunu- 
lators, and it seems to me from the prices I have mentioned above the 
relative position has not altered very much since then, and therefore 
I take it that although the argument may be difficult to put on paper, 
yet when one comes to take specitic projects, there are valid arguments 
sufficient to outweigh the apparent advantages which the use of 
accumulators would give. An economical and cheap method of storage 
has, of course, been always the ideal of the central station engineer, 
and I do not want to damp Mr. Taylor's ardour in the matter or to 
deprecate the very careful study of the question. There are cases, 
such аз in the centres of large cities and where tramways have to 
be supplied, where the use of accumulators in the way suggested by 
Mr. Taylor is justifiable, and has been applied, and any improvements 
in accumulators or reduction in their capital cost would lead to exten- 
sion of such applications. For instance, it has occurred to ine that 
a very large power company or corporation supplying such a large 
amount of encrgy as we may contemplate in the future, might find that 
it paid them to run an accumulator factory themselves, doing their 
own repairs and making their own plates. If they could work on 
a sutficiently large scale they might be able to make plates at a 
sufficiently low figure to warrant their use on an extensive scale, but 
the time has hardly come when such a thing is practicable. 
Coming now to the question of transmission lines overhead and 
underground, Г think Mr. Taylor has perhaps not quite grasped the 
practical position, Assuming that а line of а certain capacity в 
erected, and the line is necessary in any case, the cost of double the 
section of the copper or of raising the voltage 50 per cent. is а com- 
paratively small addition to the whole cost, and in this way the full 
demand can. be met by supply from the central station. Again, I 
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do not think it is altogether fair to base calculations оп а line 100 
miles long operated at 27,000 volts ; from the list of transmissions given 
in the paper it is clear that in modern practice at least 50,000 volts 
would be used for this, and I think with modern forms of insulators 
there would be no difficulty in running lines at that voltage even in 
this country. Doubling the voltage increases the amount of energy 
conveyed with the same percentage drop about four times, апа alters 
the basis of calculation altogether. Тіс same argument applies in 
connection with underground cables ; to slightly increase the section 
of the copper does not by any means proportionately increase the cost 
of the whole feeder, while with regard to the question of duplicate 
lines it is the object of power companies, as they extend, to work 
almost entirely by means of loops. There may be, from time to time, 
cases where the adoption of accumulators will be advantageous, as 
Mr. Taylor suggests, but I think we may take it that their advantages 
are fully understood by Continental and American engineers, and, if 
on the balance of arguments it had been found profitable to instal 
them in the manner suggested by Mr. Taylor, we should have already 
had more numerous examples. 

Finally, I am glad to вес the attention which Mr. Taylor has drawn 
to the work which is being done in France with overhead trans- 
mission, and particularly to the way in which, by carriage of these 
high-voltage lines across the country, the smaller townships and villages 
are able to secure the advantages of light and power. It has always 
been my view that there was room for work on the same lines in 
a considerable number of districts in this country if it could be carried 
out in the same way that it is being done abroad. In two or threc 
instances I attempted to lay the foundations for such work, but much 
to my regret I found the legal and parliamentary obstacles so serious, 
and the demands of the local authorities so onerous, that I was 
reluctantly driven to the conclusion that until matters in these respects 
could be amended, there was little hope that capital could be profitably 
devoted to such purposes, however advantageous the results to this 
country. I trust that the publicity given by this paper to the methods 
of work in a neighbouring country may do something to draw attention 
to the matter, and lead to better facilities being given for enterprise in 
this direction. | 

Мг. В. Окзеттісн (communicated): The question raised by the 
author is of great importance in the design of power-transmission 
plants, and one which in the last ten. years has received а large 
amount of attention from engineers, owing to the dilficulty of ascer- 
taining beforehand with any accuracy the probability of profit of such 
large installations, А great many data as to the design and cost of some 
up-to-date plants have been published, and are available for use as a 
basis of similar calculations. I will give afew figures which I have col- 
lected, partly from previous work in this direction, and partly trom 
some friends who work still in the same field. It appears to me that 
my figures differ to a considerable extent from those which the author 
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has taken as the basis of his views, and will therefore affect to a great 
extent the results arrived at. 

Dealing first with the question of voltage, I think that the figure of 
270 initial volts per mile is taken too low. "The well-known American 
rule of thumb is r,ooo volts per mile for the first 3 miles and 40o volts 
per mile for each subsequent mile. In this way a transmission of 
15 miles would require 7,800 volts, whereas only 4,000 volts would 
be considered necessary by the author. Оп a roo-mile line, instead 
of the 27,000 volts proposed, one would have to take 42,000 volts. If 
one considers that the cost of the copper is in inverse ratio to the 
square of the voltage tlie effect of the alteration would be easily seen. 
The figures stated can also be found in actual installations—for instance, 
the extension of the Vizzola Transmission in the north of Italy will 
work at a voltage of 45,000 for a maximum distance of 113 miles. The 
new plant that Messrs. Siemens have installed for the Spanish Hydro 
Electric Company is transmitting 16,000 H.P. (later 32,000 H.P.) 160 
miles away with 66,000 volts. Further, some 12 plants in the United 
States, whose maximum distance is about 100 miles, are working with a 
voltage of 60,000 or thereabouts. "The necessity of using high voltage 
in order to increase the range of operation is also borne out by the fact 
that several companies who in the beginning had put down a plant 
working at what was estimated at the time to be sufficiently high 
voltage, found out later that in order to obtain economical conditions 
of working they had to raise their voltage as soon as the experience 
gained in the working of the line enabled them to do so with safety. 
Examples of this are: The Electra Transmission of the Californian 
Gas and Electric Corporation, working in maximum of 154 miles, 
raised the voltage from 36,000 to 55,000; the Kander Works in 
Switzerland, working 28 miles, originally put down plant at 
4000 volts, which was raised later to 16,000 volts; the Beznau 
Works, also in Switzerland, with a distance of 29 miles, had to raise 
the voltage from 8,000 to 25,000. 

Whilst agreeing with the author that a low voltage is safer and 
connected with several advantages, I think that the fact that high 
tension is being used to such a great extent in so many plants in 
ditferent countries is sufficient proof of its practicability and reliability, 
and that such systems cannot be disregarded when considering from 
ап economical point of view plants of the magnitude of 10,000 k.w. 
and a transmission of 100 miles. The other parts of the line affected 
by an alteration of the initial voltage would be the supports, the trans- 
formers, and the switchgear. The cost of the supports per mile of 
line are practically independent of the voltage, as the weight of the 
line and the cost of erection are reduced with increasing voltage, 
whereas the weight of the insulators increases with the voltage. 
Between 20,000 and 30,000 volts the cost of the supports to the line 
will only be increased by about 4 per cent., and between 20,000 and 
40,000 by about 12 per cent. The cost of the transformers hardly 
varies at all between 20,000 and 30,000 volts, and about 8 per 
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cent. between 20,000 and 40,000 volts. The switchgear remains prac- 
tically the same, the lightning arrester only causing an increase in this 
item of 4 to 5 per cent. for 40,000 volts, compared with their cost at 
20,000 volts. As, however, all these items taken together represent 
only an increase of about 28 per cent. of the cost for doubling the 
voltage to 40,000, it will be seen that this is entirely cancelled by the 
saving in the cost of copper, which will now be reduced to one quarter 
of the original amount. In addition to the above, the heavy amount 
put down by the author for the cost of copper has also to be accounted 
for through the limit fixed for the combined drop in the line. In my 
opinion, assuming that one should select such a low voltage as 27,000 
for а 100-mile line, the combined drop should at least be fixed at 25 to 
30 per cent. instead of 13 per cent. I explain later that the cost of pro- 
ducing the current in hydraulic installations is a fairly indifferent item, 
and that when the plant has to work with steam power the losses of 
the line do not come into account. | 

Some of the figures given by the author as to the cost of the 
supports for the line should also, in my opinion, be revised. A 
number of long transmission lines executed in the last five or six 
years in the north of Italy, and passing through a county which 
could not be called very favourably situated with regard to atmo- 
spheric conditions, were executed at a remarkably low cost. 1 
refer more particularly to the flexible metallic supports arranged 
at great distances (about one-tenth of a mile) from one another with 
great sags in the lines. This type of support has also the great advan- 
tage of enabling a duplicate line to be used whenever required without 
necessitating a separate set of supports. A line of this kind fitted with 
I4 metallic supports to the mile, each suitable for six $ in. diameter 
wires, would work out complete, including erection and insulators, but 
exclusive of copper, at £210 per mile. Asa line of this kind must be 
included amongst the heavy lines, it will be seen that the cost is 
exceedingly low. Тһе life of the metallic poles can be taken at about 
twenty to twenty-five years, and it therefore seems to me that the 
figure of 25 per cent. per annum included by the author for sinking 
fund, depreciation, and maintenance is very much higher than what is 
usually assumed to be a commercial figure. 

To the proposed adoption of storage batteries in connection with 
long-distance transmission, I am afraid most engineers will have some 
grave objections. Тһе principal one would be the necessity of con- 
verting the alternating current to continuous, with its well-known 
handicap of rotating machinery and expensive switchgear. Further, 
the range of distribution from each battery would be very limited on 
account of the low voltage, this in its turn requiring very expensive 
feeders and heavy drop, which will come in addition to the losses of 
transformation іп the machines and in the battery. Тһе limited range 
of each battery would involve the necessity of using a very large number 
of batteries. It is well known that the area of distribution is a very 
large one for most of the existing transmission lines, as is shown by the 
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fact that many times the distribution itself is donc at 2,000 to 3,000 volts. 
The argument of the author that the use of batteries will not necessi- 
tate a second line of transmission because of the increased safety does 
not appear to me to hold good, as the battery would be only designed 
to supply the peak load, and therefore in the best cases to keep up the 
supply for half a day in case of breakdown. Тһе peak itself is not of 
real importance as far as the line is concerned in an installation of this 
kind, because there is alwaysa large amount of reserve in the generating 
station which can be used to overcome the drop of the line at the 
moment of maximum demand. 

The real difficulty with hvdraulic plants lies іп the fact that the 
supply can be kept up only for nine or ten months at the most, and 
that a reserve in steam plant is necessary for the other two months. 
'This steam reservc is always placed in the centre of the area of dis- 
tribution, and the cost of the line therefrom affects in an entirely 
different way the current produced under these circumstances. Whether 
under these circumstances it is advisable to use one or more storage 
batteries scems to me a very difficult question to answer, and most 
probably will have to be decided on the merits of each individual case. 

Mr. А. M. TAYLOR (in reply): I will deal with the speakers as far as 
possible in the order of their communications. 

Replying to Mr. Chappell, I would say that the cost of running lines 
in this country dealing with heavy powers would probably be much 
greater than in the United States, as the Post Office would probably 
take exception to large amounts of power in a single circuit; and 
to run several circuits or one line of towers would be as costly as my 
estimate indicated. With regard to the five systems alluded to in the 
United States, I am not satisfied that these are operating under the 
conditions postulated in mv Fig. 4, my recollection being that the only 
systems so operating are those in which batteries аге used as “ buffer 
batteries," to absorb the momentary variations in power, It would be 
interesting to hear the views of the firms who put down these installa- 
tions as to whether they are successful or not ; and, if unsuccessful, to 
know why they failed. Іп reply to Mr. Kemp, it is quite true that my 
estimate of the minimum cost of current is based on the conditions 
stated by him ; but, on the other hand, the mere running of the same 
amount of plant for longer hours would sufficiently extend the limit to 
which he alludes to enable the additional load of about 50 per cent. 
contemplated for a steam station to be taken up by the battery, the 
total kilowatt capacity of plant now run not being in this case exceeded, 
and under these conditions the cost would be very little in excess 
of that estimated for the most favourable conditions. In mentioning 
an addition to the existing station load of 50 per cent., to be taken up 
by the cells, it will be understood that this is the same thing as stating 
that it would pay to take up 33 рег cent. of the existing station load by 
the cells. 

In reply to Mr. Forrest, I think it must be agrced that if the supply 
were, for example, being distributed over а large town, it would be 
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very much better, іп the case of a breakdown in the long-distance 
line, to have two or three hours in which to notify consumers of the 
impending stoppage, than to spring it upon them unawares. It may 
be mentioned that, as regards the breaking of an overhead line, com- 
plete immunity from interruption of supply could not be secured (where 
there was no storage) by having two circuits, unless these were carried 
on two separate lines of towers, at such a distance apart as to secure 
absolute safety from the back lash of a breaking wire. As regards the 
deadening of the line at certain times of the day for repairs, I would 
point out that there is а day апа а half at the end of every weck avail- 
able for charge, of which I have not taken account in my Fig. 4. Аз 
regards the efficiency of the accumulator sub-station, Mr. Forrest is no 
doubt aware that my proposals would not involve any greater рег- 
centage of losses in line or plant at the time of peak load than obtains 
under the ordinary methods not employing batteries. The extra units 
required to compensate for losses in batteries and in charging plant 
are merely made up for by running the generating plant for longer 
periods than it would otherwise be run. Mr. Forrest's statement would 
convey an impression as to inefficiency which is really not the case. 
In reply to Mr. Groves, the battery which I am proposing would be of 
quite abnormal dimensions, and would be capable of taking the whole 
output of the system for short periods without injury. I do not think 
it would pay any supply authority to have тоо per cent. of its copper 
standing idle, which is what I understand Mr. Groves to suggest. He 
is probably speaking from the point of view of distribution in a large 
town, which is somewhat different from the case of distribution by 
power companies. І do not advocate the battery as a standby against 
broken-down underground mains, except under special circumstances. 

In reply to Mr. Boulton, I cannot agree that the cost of energy put 
into the battery is nearer to o'2d. per unit than ота. I should be 
prepared to admit that in certain cases it was nearer to o'15d. than to 
ота. As regards the other point raised, the losses incidental to the 
use of batteries arc not, on a water-power scheme, at all so serious as 
Mr. Boulton and one or two speakers seem to imagine. In any case 


no larger plant is required at the sending end. In reply to Mr. 


Козћег, the figure of 25 per cent. has, 1 agree, been taken too 
high, and 20 per cent. is probably nearer the mark. My figure was, 
however, intended to cover not only the copper, but the cost of 
insulators, towers, etc., and I added something to cover cost of way 
leaves, which may sometimes be a heavy item. 

Dr. Kapp's remarks as regards the Kubel water-power plant аге 
very interesting ; but the data in Table А of page 428 of my paper 
were given as alluding to falls in which the heads were only of a few 
feet in amount, and I cannot help thinking that perhaps there are two 
separate installations of water power at the Kubel works, and that Dr. 
Карр is alluding to the one and I to the other. His remarks on the 
storage of water arc also very interesting, and in cases where sufficient 
water is to be found at the receiving end of the line, and where a 
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natural receptacle can be found at a suitable level, the method he 
advocates is no doubt superior to electrical storage. Mr. Adden- 
brooke's and Mr. Orsettich's remarks I have already dealt with some- 
what fully in letters to the technical press, and do not propose to deal 
with them further here.* In conclusion, I greatly regret that I cannot, 
through pressure of other work, take up here the question of thesaving 
in fixed charges introduced by the use of storage ; but I shall hope to 
dcal separately with the subject later on. 


* Electrical Engineering, vol. 5, p. 282, 1909. Electrician, vol. 62, pp. 929-931 and 
975, 1909. 
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I. INTRODUCTION. 


Owing to continuous contact of the rails with the earth, the con- 
ductivity of the track circuit is increased, whereby the electrical losses 
are reduced, but the resulting vagabond currents must be kept within 
reasonable limits by reason of the following effects, viz. :— 


(a) Magnetic disturbance. 
(b) Electrolytic corrosion of underground metallic structures. 


Of these effects, the former was treated in a paper read before the 
Institution in 1902, by Е. B. Wedmore, on “ Earth Currents derived 
from Return Circuits." * 

The present paper is the outcome of an experimental investigation 
of the principal vagabond current phenomena, and, whilst incidentally 
throwing a little further light upon the magnetic effects, has been 
chiefly directed to the elucidation of the reasons for the non-fultilment 
of the carly predictions of electrolytic destruction, to the possibility 
of such damage being encountered, and to the precautions thereby 
rendered necessary. 


II. THE EARTH AS A CONDUCTOR. 


Nalure of Earth Conduclivily.—At the inception of electric traction 
it was thought that the earth, owing to its huge bulk, could offer no 
resistance to the flow of heavy currents, but this was soon found to be 
a fallacy. 

The imperfect rail bonding resulting from this belief caused a large 
proportion of the current to flow in thc earth, with the result that, other 
conditions being favourable, damage from electrolysis was observed 
which immediately produced the impression that the conductivity of 
the soil was of an electrolytic nature. 

In 1900 Claude read a paper before the Electrical Congress at the 


* Fournal of the Institution of Elecirical Engineers, vol. 31, p. 576, 1902. 
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Paris Exhibition,* іп which he claimed а mixed conductivity, declaring 
an earth path to be equivalent to an electrolytic cell shunted by means 
of a metallic conductor. 

At potentials below that of polarisation the current would flow only 
through the metallic component, and only at higher potentials could 
clectrolvsis begin. 

The experiments upon which these theories were based were 
carried out upon gas and water pipes and rails їл situ. 

From an external source current was passed between the pipes and 
the rails and was found to be almost strictly proportional to the applied 
potential, the effects of polarisation being negligible. 

Claude's theories were disputed by Larsen, | who experimented with 
pipes of various lengths ала the same diameter, each placed at the 
centre of a hollow cylinder of iron, the intervening space being filled 
with soil taken from the neighbourhood of a water pipe. 

The soil was found to form a perfect electrolyte, the amount of 
corrosion per ampere-hour being independent of :— 


I. Current density. 

2. Potential applied. 

3. Kind of iron. 

4. Quantity of NaCl added; as the full theoretical amount of 
electrolysis was encountered in any case. 

5. Frequency and duration of interruption of the current, pro- 
vided there was no change in direction. 


Further, it was found that, within the range of the experiment 
(o-20 volts), the counter E.M.F. of polarisation was almost directly 
proportional to the applied potential, being about тт per cent. of 
this value. 

These results only prove the possibility of earth conductivity being 
wholly electrolytic; they do not disprove Claude's theories, as he 
carefully stated that the proportionality existing between the two 
resistance components varied with the composition and wetness of 
the soil, and the particular kind of soil used by Larsen may have 
represented an extreme case in which the metallic component was 
of an infinitely high value. 

In our own experiments we have encountered soil which apparently 
showed a purely metallic resistance, the opposite extreme. 

Messrs. Haber and Goldschmidt, however, in an interesting article 
on “ Passivity of Iron," | state that : “И the iron is completely passive, 
no corrosion will take place; the oxygen will disperse into the soil, 
and, escaping notice, it has been thought that the soil had a metallic 
conductivity. . . . It is certain, however, that we have to deal with а 
paste composed of non-conducting particles and liquids which possess 
an clectrolytic conductivity." 

* L'Eclairage Electrique, vol. 24, p. 141, 1900. 
T Elektrotechnische Zeitschrift, vol. 23, р. 841, 1902. 
1 Zeschriyt für Elcktrochemie, vol. 12, p. 49, 1900 
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The essential difference in the conditions obtaining for the experi- 
ments of Larsen and Claude was that in the former case the anodic 
and cathodic spaces were confined so that the soil would soon become 
saturated with the gases, whilst in the latter case these spaces were 
practically unlimited, allowing ample room for diffusion. 

It is conceivable that the hydrogen evolved at the cathode may 
combine with the oxygen contained in the porous soil, which would 
therefore possess the properties of a depolariser ; and this would 
greatly assist the diffusion in preventing polarisation by removal of 
the gases. 

Without actually causing appreciable corrosion, it is possible to 
examine the nature of earth conductivity by the observation of 
secondary phenomena. 

Thus the current potential curve by its upward or downward 
tendency indicates electrolysis and polarisation respectively, but this 
test in itself is insufficient, and Claude was misled by accepting its 
results as conclusive. 

By means of the following supplementary tests the occurrences may 
be completely analysed, viz. :— 


I. The potential gradient measured at various stages of the ex- 
periment shows exactly where the potential is lost. 

2. The counter E.M.F. of polarisation may be mcasured at сасп 
clectrode separately. 

3. The actual resistance may be measured by means of the Kohl- 
rausch bridge and compared with the apparent value. 


The earth path between pipe and rail is an electrolytic cell in which 
the electrolyte is composed of a salt of а metal differing from that of 
the electrodes, and in order to determine exactly what might be 
expected from а purely electrolytic soil we have examined а cell 
composed of copper plates immersed іп a strong salt solution. А5 
general results only were required, ordinary commercial salt, being the 
only kind at hand, was employed, and the solution was not made up to 
any definite normality. 

The plates were 6 in. by 6 in. and were placed 12 in. apart in а 
vessel 18 in. Бу 7 in. by 7 in. The voltage was gradually raised from 
o to ro volts, the current density at the face of the plates varying 
between o and 48 amperes per square foot. 

Readings were taken as quickly as possible, and as the majority 
were at the lower values of current-density, the temperature rise was 
only a few degrees. 

The duration of the test was about 20 minutes. 

Polarisation E.M.F.’s were measured by means of the calomel 
electrode, the syphon being placed about 2 in. behind the plates out 
of the stream lines. The small potential between the two solutions 
was neglected. 

Fig. 1 shows the relationship existing between the current, the 
polarisation E.M.F.’s, and the applied potential. 
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The upward tendency of the current curve indicates strong сог- 
rosion, which was verified by the film of oxide afterwards found upon 
the anode. 

The potential gradients are shown in Fig. 2, and are compared 
with the polarisation E.M.F.'s in Fig. 3, whilst in Fig. 4 are shown 
the various resistance curves as constructed from the preceding 
results. 

Evidently the resistance of the liquid falls rapidly with increasing 
current, owing to the solution of copper from the anode, whilst the 
oxygen liberated at the anode combines with the copper, producing 
an insulating film of gradually increasing thickness. 

Polarisation is very powerful, especially at thc cathode, where the 


4 5 : 17 9 10 

Volts applied 

Fic. 1.—Mutual Relationships of Current and Potentials. Copper Plates 
6 in. x 6 in., 12 in. apart, in a Concentrated Solution of NaCl. 


Curve 1. Back E.M.F. at cathode. 
“ 2. Back E.M.F. at anode. 
„ 3. Current. 


results show that the whole of the potential lost is accountable thereto. 
At the anode polarisation is very weak until a potential of o°5 volts is 
attained, probably because the whole of the oxygen liberated up to 
this point combines with the copper, producing the film which has 
a low E.M.F. with respect to the electrolyte. 

A comparison of the potential gradients shown in Figs. 2 and 24 
shows the extent to which metal from the anode is dissolved in the 
solution, the gradients becoming more and more like those obtained 
with a solution of a salt of the same metal as the current increases 
in strength. 

Тһе experiment was then repeated with a bath of light sandy soil 
in place of the salt solution, with the result that the current was 
found to be strictly proportional to the applied potential and no trace 
of electrolysis was found at either electrode. Тһе potential gradient 
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was a perfectly straight line, and the resistance, as measured by the 
alternating-current method, was exactly the same as that given by 
the ratio of the potential and current. 

On removing the plates, however, a thin film of oxide was found on 
the anode, which would account for the absence of polarisation there, 
and such absence at the cathode could only be explained by depolarisa- 
tion, as howcver rapidly the gases diffused they would remain in the 
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vicinity of the plates, апа would be detected by means of the exploring 
clectrodes employed to obtain the potential gradient (see Appendix). 

The specific resistance of the soil was 630 ohms per yard cube, 
which is very high, so that the current strength and the volume of 
gases produced would be very low. 

In order to increase the current strength the soil was compressed 
and higher potentials were employed. 

The specific resistance was reduced to 360 ohms per yard cube, 
and after being subjected to a potential difference of 500 volts for 
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FiG. 3.—Copper Plates біп. x 6 in., 12 in. apart, in a Concentrated Solution 
of NaCl. 


Curve 1. Volts lost at cathode (all polarisation) 
» 2. Volts lost at anode. 
„ 3. Back E.M.F. of polarisation at anode. 
„ 4. Volts lost in film at anode, 
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Fic. 4.—Resistance Components. Copper Plates 6 in. x 6 ing, 12 іп, apart, in a 


Concentrated Solution of NaCl. 


Curve 1. Total apparent resistance.. 
» 2 Resistance of liquid, 
» 3. Resistance of anodic film, 
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several hours, a fairly strong polarisation began to appear, the anode 
showing considerable corrosion on removal. 

Thus a soil which apparently possessed a purely metallic con- 
ductivity was found to be really of an electrolytic nature. 

The experiments were repeated on a richer soil of a much higher 
conductivity, and an apparently metallic resistance was again observed 
at potentials below то volts, but on increasing the potential the current 
curve showed an upward tendency until a potential of 80 volts was 
reached, when it began to droop, and at 500 volts was almost hori- 
zontal. This drooping was found to be due to endosmose, the potential 
gradient showing the majority of the potential to be lost in the vicinity 
of the anode, where the soil soon began to steam. 

Numerous soils have been tested, and although in many cases 
exhibiting an apparently metallic conductivity, have been made to 
show both polarisation and corrosion, and as a result we have con- 
cluded that earth conductivity is invariably of an electrolytic nature, 
although on account of the physical properties of the soil the fact may 
sometimes be concealed to superficial observation. ы 

Factors Governing the Resistance of an Earth Path.—These аге :— 


Primary. 
I. Length of path. 
2. Area of electrodes. 
3. Specific resistance of the soi. 


Secondary. 
I. Potential applied. 
2. Polarisation and depolarisation. 
3. Activitv or passivity. 
4. Physical properties of the soil. 


The secondary factors have already been dealt with. 

Fig. 5 shows the variation of resistance with distance between 
copper plates of various sizes buried in a vertical plane, with their | 
upper edges lying in the surface cf the ground. 

The graph is that of a logarithmic function of the form— 


R= 4 D 
== b+ De 
where— 
a is a function of specific resistance and size of plates. 
b is a function of size of plates. 
n is a function of size of plates and of distance. 


Evidently the conditions are complex, and we have pursued the 
mathematical analysis no further, especially as, the composition of 
the soil being so variable, it is unwise to employ specific values for the 
purpose of obtaining further values by calculation. 

For the same reasons we have neglected the measurement of molar 
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and equivalent conductivity, measuring instead the apparent resistance 
between the plates, and we desire to draw attention to the shapes of 
the curves rather than to the values of the ordinates. 

It is apparent that with increasing distance the value of the 
resistance increases rapidly, soon attaining a maximum, when it falls, 
at first quickly, then more and more slowly, finally becoming almost 
constant. 

This may be explained by reference to the stream lines of current. 
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Thus, Fig. 6 shows the conditions with two plates very close 
together, when the length of the extended stream lines is seen to be 
considerable in comparison with the distance between the plates, and 
the effective area of the path is little greater than the area of the plates. 

With increasing distance, however, as is shown in Fig. 7, the per- 
centage increase in length of the extended stream lines becomes smaller 
and smaller, and the effective area of the path increases. 

The resistance tends to rise owing to the increasing length of the 
path, and to fall owing to its increasing area, the balance-point being 
indicated by the attainment of maximum resistance, 
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At greater distances the effective area increases more rapidly than 
the length, the rates of increase tending to equality at infinite distance, 
when the resistance would be zero. 

It is evidently incorrect to speak of the resistance to leakage from 
a plate of a given size to earth, as this resistance depends entirely upon 
the size of the other electrode and its distance away. 

The resistance falls rapidly with increasing size of plates until an 
· area of about 6 sq. ft. is reached, when any further increase in area has 
little effect, as is shown in Fig. 8. 

This is due to the high specific resistance of the soil, which 
-effectually prevents the attainment of a high current density at the 
surface of the plates. 

The resistance values given in Figs. 5 and 8 were measured by the 
alternating-current method, and Fig. 9, which illustrates the effects of 
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‘FIG. 6.—Vagabond Cur- Fic. 7.—Vagabond Current Stream Lines 
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polarisation, shows that the shape of the curves remains unaltered 
when the resistance is measured by the dircct-current method. 

Potential Distribution and Conducting Paths in Moist Earth.—With a 
view to the exact determination of the conducting paths in the earth 
we have carried out a great number of measurements of earth poten- 
tials, this being, owing to the extremely low current density, the most 
satisfactory method of tracing the currents. Very soon after leaving 
the electrodes, however, the currents have become so diffysed that 
even this method fails and magnetic methods have to be employcd. 

Fig. 10 shows two typical potential gradients between plates of 
equal size buried in the earth in a vertical plane with their upper 
edges lying in the surface. 

With increasing distance between the plates the central portion of 
the gradient becomes more and more nearly horizontal, this being the 
effect of the increased area of the path already mentioned. 

VoL. 48. 80 
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The effect of inequality in size of plates is to cause a greater pro- 
portion of loss at the smaller plate than would otherwise occur, but in 
almost every case with equal plates the majority of the potential is lost 
at the cathodc. 

It will be observed that practically the whole of the potential is lost 
within a distance of 3 ft. of the two plates, and the percentage of 
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Fic. 8.—Resistance Area Curves. 


1. Made-up ground containing a large proportion of pitch. 
2. Ground consisting largely of iron slag and sand. 


Plates 22 ft. apart. 


potential lost beyond the 3 ft. becomes smaller as the distance between 
the plates increases. 

As will appear later, this 3 ft. limit is of importance, and we have 
found it to be independent of size of plates, obtaining the same result 
from the track itself as representing the largest plates available. Itis 
also unaffected by the nature of the soil, provided this is homogencous 
over а distance of 3 ft. round the rails in every direction. 

The equipotential curves, plotted to polar co-ordinates, around two 
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Curve 1. Resistance by direct current. 
» 2. Resistance by alternating current. 
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Fic. то. —Potential Gradients between Earth Plates. 


Curve 1. Plates of equal area, 2 ft apart. 
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spherical electrodes, are shown in Fig. 11. These are evidently eccen- 
tric circles having their centres in the axis passing through the centres 
a and b of the two spheres, whilst the stream lines of current, being 
perpendicular to the equipotential curves, may be represented by arcs 


PELLI -a 


Е16. 11.—Equipotential Curves and Vagabond Current Stream Lines between 
Spherical Electrodes embedded in the Earth. 


Fic. 12.--Equipotential Curves and Vagabond Current Stream Lines. 


Pipe not connected to the rail. 


of circles having their centres on the potential curve c, d perpendicular 
to the axis a, 6, and passing through both a and 2. 
Kirchhoff * proved mathematically that the curves must have these 
shapes, and Quincke 4 verified this by tracing them in a sheet of metal. 
* Pogg. Annalen der Physik, vol. 67, p. 344, 1846. 4 Ibid., vol. 97, p. 382, 1856. 
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By measurements carried out in several planes we have found the 
equipotential surfaces to be surfaces of revolution of the curves about 
the axis a, b, the same operation giving the total current path. 

In Fig. 12 are shown the equipotential curves and current stream 
lines around a tram rail. Theseare evidently unaffected by the presence 
of the pipe at a distance of 10 ft., but on connecting the opposite end 
of the pipe to the rail the strearh lines changed to the shapes shown in 
Fig. 13, showing that the current was leaving the pipe. 

Similar experiments carried out upon rails having pipes at various 
distances away show that no appreciable current enters the pipe even 
at a distance of 1 ft., provided there is no connection between the pipe 


FIG. 13. —Equipotential Curves and Vagabond Current Stream Lines at the 
Negative Feed- рош. 


Pipe connected to the rail at the other end of the section. 


and the rail, although at smaller distances the equipotential curves 
become concentric with the pipe indicating flow of current thereto. 


III. VAGABOND CURRENTS. 


An electric tramway track has its current taken away at intervals 
by means of negative feeders, and if the arrangements are properly 
designed, the current іп the rails will flow towards the nearest negative 
feeder so that, midway between two negative feed-points, there should 
be no current flowing in the rail if the loading is uniform. 

The actual conditions of loading are far too complex to admit of 
close study, but by assuming ideal conditions a useful knowledge 
of vagabond current distribution can be obtained. 

There are two extreme cases to be considered, viz. :— 


I. Concentrated load, represented by a single car. 
2. Distributed load, represented by a very heavy service of cars 
uniformly spaced. 
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In the former case the ideal conditions at any instant are illustrated 
by Fig. 14. 

The so-called “ danger zone" extends from the negative feed-point 
х to the neutral-point o, which changes its position as the car moves, 


Length of section 
Ғіс. 14.—Theoretical Leakage Characteristics. Concentrated Load. 
Curve 1. Current. 


» 2. Resistance, 
„ 3. Volts. 


Length of secbion 


FIG. 15. — Theoretical Leakage Characteristics. Distributed Load. 


Curve 1. Current. 
„ 2. Resistance. 
„ 3. Volts. 


always remaining midway between the car and the negative feed- 
point. 

At any point situated within the half of the section containing the 
negative feed-point, therefore, the polarisation will be alternatelv 
anodic and cathodic according to the position of the car, and the rail 
potential at any point can be represented by a straight line, the value 
varying with the distance from the negative feed-point. 
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With a perfectly distributed load the curve of rail potential would 
be a parabola as shown in Fig. 15. 

The neutral-point o would be fixed in position at a distance from 
the negative feed-point equal to 0:42 times the length of the section. 

In practice, however, owing to unequal loading, the neutral-point 
travels in an erratic manner over a considerable length of track, so that 
there is again a certain range within which the rails and pipes are 
alternately positive and negative to each other, and there is also a 
range within which the pipes are continuously positive with respect 
to the track that is a permanent danger zone. 

Fig. 16 shows the current actually flowing in the rails of a double 


о 2 5 4 5 6 2 
9 Thousands of feet x 
Fic. 16.— Current and Potential Distribution in Uninsulated Return. 


Curve r. Total current. 
„ 2. Actual current in rail. 
» 3. Volts drop. 


track, with a current of 300 amperes entering at a distance of 9,000 ft. 
Írom the negative feed-point. 

The distribution of the vagabond current is shown in Fig. 17, the 
values being given per foot run of double track, equivalent to 2'3 sq. ft. 
of rail base pressing on the concrete, and about 6 sq. ft. of flange, etc., 
against the pavement. 

Such heavy leakage currents are not a normal occurrence in Man- 
Chester, as four sections had to be connected in series in order to 
obtain them, and the rail drop was 5:4 volts, whereas the maximum 
value obtained in normal working is 270 volts, but on many other tram- 
Way systems the rail drop exceeds 5:4 volts, and the leakage currents 
must be extremely heavy. 

Fig. 18 gives the relationship between rail drop and vagabond 
current, and Fig. 19 shows the effect of length of section. 

Claude * found 12 to 15 percent. of the total currentto be vagabond 


* L'Eclairage Electrique, vol 24, р. 141, 1900. 
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оп complicated networks, and 25 to 30 per cent. on long lines, whilst 
Parshall * found that on a line 8 miles long the vagabond current was 
as high as бо per cent. of the total. 

Neither Claude nor Parshall could find any appreciable current 
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Thousands of feet 
Fic. 17.—Actual Leakage Characteristics. 


Curve 1. Current. 
» 2. Resistance. 
„ 3. Volts. 
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Fic. 18.—Relation between per Cent. Leakage Current and Length of Section. 


flowing in the pipes, and a most careful search of the Manchester 
system affords no evidence of such currents. 

The potential gradients given in Section II. indicate that, after over- 
coming the resistance duc to bunching, encountered within 3 ft. of 
the rails, the current has become diffused over such a wide area that 


* Journal of the Institution of Electrical Engineers, vol. 27, р. 440, 1898. 


—— 
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practically no further resistance is opposed to its flow, that is, a pipe 
situated over 3 ft. from the rails would carry little more current than 
if made of earth, and the majority of pipes are at a greater distance 
than this. 

Whatever current does, from any cause, enter the pipe must do so 
with a very low density, and at a distance from the point at which 
it leaves the rails, and must leave with a low density at a distance from 
the negative feed-point, owing to the lower resistance of a long return 
path than of a short one. 

This all follows from considerations of the high specific resistance 
of the soil, and only in case of soil possessing a very high conductivity 
is there any danger of corrosion of the pipe ; even in such a сазе, if the 


Amperes leakin 
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Ес. 19.— Relation between Rail Drop and Leakage Currents, with given 
Length of Section. 


rail drop is kept sufficiently low, the resistance of the pipe itself will 
prevent the flow of a heavy current. 

If the pipe be connected to the rail, it acts as a large earth plate, as 
is shown by Fig. 13, and a heavier current flows along it. 

By making a temporary connection between pipe and rail at the 
negative feed-point, we have measured a current of 1:5 amperes flow- 
ing in the pipe, whereas no current could be measured before making 
the connection. 

This may appear to be a low value, but the total vagabond current 
of the section was only 7 amperes, so that it represents 21 per cent. of 
the total. 

On longer sections a much heavier current would be obtained. 

Electrolytic Surveys.—It is still the custom of many waterworks 
engineers to judge the safety or danger of their pipe systems by the 
potential by which they are positive with respect to the rails in the 
danger zone. 
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This is misleading, as the higher such potential, with a given rail 
drop, the safer are the pipes, whereas high potential is accepted as 
a sign of danger. 

Fig. 20 shows a case in point. 

In order that no current may flow in the pipe, it is essential that 
there should be no drop of potential along the pipe, i.e., that с, o 
(see Fig. 20). 

But— 

с +е. +е. =Е; 


therefore, for safety, we must have— 
е, + e, E. 


Further, if there is no drop along it, the pipe must be throughout 
at the potential of normal earth, i.e, at the same potential as the 
neutral-point o. 


Fic. 20.—Electrolytic Survey. 


Hence, the safety condition is, that— 


| €; = со, 
and— e, = Еб 


and these are the maximum possible values of е, and e, 

It is impossible, therefore, to judge of the safety or danger of a 
pipe from a knowledge of one potential difference only ; there must 
be three simultaneous readings, and in all cases where there is doubt, 
the values of E, е, апа e, should be measured, with a constant current 
flowing, and compared. 

It must be noted here that these values can only be accurately 
measured by means of a zero inethod, as the resistance of the earth 
component of the path is not negligible in comparison with that of 
a low-range voltmeter. 

In this connection the capillary electrometer is very useful as а 
zero indicator. 


IV. PROTECTION FROM ELECTROLYSIS. 


Although the conductivity of the soil appears to be wholly electro- 
lytic, and it is certain that on numerous tramway systems heavy 
currents are leaving the rails to enter the earth, yet, as has been shown, 
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the risk of damage is very slight, and no extreme measures are required 
for its prevention. 

The present 7-volt limit of rail drop, imposed by the Board of 
Trade Tramway Regulations, is the only general precaution required, 
and for this regulation the Board of Trade probably deserves the whole 
of the credit for immunity from electrolysis in this country, but it is 
possible that several of the remaining regulations of this Body might, 
with advantage, be amended. 

Thus, Regulation 5 (a) provides that the uninsulated return shall be 
connected to the negative pole of the generator. 

This rule is based upon American practice, and was first suggested 
by Mr. Pearson, the engineer of the West End Railway Company, 
Boston, the object being to bring the danger zone close to the station 
and to run copper bonds from the negative busbar to the lead sheathing 
of the cables. 

Ав the latter is not the practice in this country, there is no advantage 
in having the rails negative, whilst, on the other hand, if the matter 
were left to the discretion of the engineer, he could, by making them 
either positive or negative, as required, shift the danger zone if 
necessary to avoid bad soil, so evading the only danger condition 
to be feared. 

Again, Regulation 5 (a) requires the provision of two earth plates at 
each negative feed-point, and clause (b) limits the permissible resistance 
between these plates to 2 ohms. 

These earth plates are very useful, as they enable tests to be carried 
out in order to obtain some idea of the conductivity of the soil in the 
danger zone, but, in the majority of cases, extremely large plates would 
be required to give such a low resistance value, and, furthermore, it 
would appear from our observations that the resistance between plates 
already installed could not be too high, and as it is to such plates that 
the clause now mainly applies, it might be advisable to reconsider the 
limit of 2 ohms. 

Finally, exception may be taken to Regulation 6 (II.), which provides 
that no pipe shall be positive to the rail by more than 1 volt, nor 
negative to the rail by more than 3 volts. 

As explained in Section IIT., it is preferable that the sum of these 
potentials should equal the rail drop, so that if the latter is allowed to 
amount to 7 volts the above limits are too low. 

Despite the general safety of the lines, the utmost care should be 
taken at the car-sheds, as here damage from vagabond currents may 
easily be incurred. 

The modern car-shed is a structure of concrete and steel, the rails 
being supported on steel stanchions sunk in the concrete floor, whilst 
a complex network of metal pipes is required in order to supply and 
take away the large quantities of water required for car-washing 
purposes. 

The concrete is continuously wct, and any damage to piping em- 
bedded in it would be very costly to repair. 
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That there is danger is shown by a case which has recently come 
under our notice in which a lead service pipe, which was in contact 
with the steel stringer girder, supporting the raised concrete floor 
between two bays, failed, and careful examination of the affected part 
showed the failure to be due to fusion by the passage of a heavy 
current from the rails to the pipe, the rails being positive to the pipe 
by o'r volt. 

In order to safeguard the piping it is preferable that there should 
be a negative feed-point outside the shed, the section containing the 
shed being made as short as possible. 


V. CONCLUSIONS. 


As a result of our numerous experiments we have concluded that 
the general mass of the earth is at a uniform polenta and behaves 
like an almost perfect conductor. 

This potential of normal earth can be changed locally owing to the 
high specific resistance of the soil. For instance, the presence of a 
naked current-carrying conductor may raise or lower the earth potential 
in its immediate vicinity, but the affected area is relatively small, and 
it is not conceivable to us that there can exist, between two distant 
points in the earth, any appreciable difference of potential provided 
there is no such local disturbing element within a short distance of 
cither point. 

This conception is based upon the assumption of fairly uniform 
earth composition, and cannot, of course, apply to an earth containing 
insulating strata. 

For practical purposes we have fixed the limiting distance at 3 ft., 
to which the influence of a track, having a drop of potential below 
7 volts, extends, as at this distance the potential of the soil is so little 
different from that of normal earth that the drop of potential along a 
conductor lying parallel to the rails would result in the current pele 
so small as to be barely perceptible. 

At slightly greater distances the potential gradient becomes too flat 
for measurement except by instruments of the utmost delicacy, and in 
any case at distances in excess of 3 ft. the potentials set up by the 
chemical action of the soil are far greater than the actual earth potentials, 
so that great care must be exercised in carrying out the measurements. 

It can never be said with certainty that very small potentials are 
not due to such causes. 

The above conception of earth conductivity provides an explanation 
of most vagabond current phenomena, and when it is further considered 
that the area of iron in contact with earth in a mile of double track is 
nearly 50,000 sq. ft., it is not surprising that vagabond current values 
are so high. 

Owing to such magnitude of vagabond currents there is a much 
heavier current flowing in the trolley wires than in the rails, and it is 
this difference—the out-of-balance current equal in strength to the 
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vagabond currents— which is responsible for magnetic disturbances 
experienced at a distance from the track. 

If the vagabond current flowed in the ground close to the rails such 
disturbance would be at a minimum, and the further away the currents 
flow the greater is the magnetising effect. 

From this consideration alone it is evident that the length of the 
section must be limited in cases where it is of unusual importance that 
the magnetic disturbance should be as small as possible, e.g., in the 
neighbourhood of an observatory. 

A consideration of Figs. 18 and 19 shows that for a given traffic 
density the vagabond current is proportional almost to the cube of the 
length of section, so ‘that on the whole it is evident that, in order to 
reduce the magnetic effects, this length must be limited. 

Summing up, then, it appears that :— 


I. In order to reduce danger of corrosion to a minimum, it is 
necessary that the rail drop should be limited. 

2. The limits generally imposed are still too high to afford pro- 
tection against magnetic disturbances, and so special regula- 
tions fixing the maximum length of section ought to be 
imposed in important cases. 


In conclusion, we wish to express our indebtedness to Mr. McElroy, 
General Manager of the Manchester Corporation Tramways, for 
generous facilities provided and assistance rendered in many ways. 

Our warmest thanks are also due to Professor W. W. H. Gee for 
criticism and advice on our methods, also to Mr. Pearce, Chief Engineer, 
and Mr. Bolton, Sub-station Engineer, Manchester Electricity Depart- 
ment ; Mr. McMahon, Electrical Engineer, and Mr. Blackburn, Rolling 
Stock Superintendent, Manchester Tramways, and to Messrs. T. S. 
Greenwood, W. T. Appleton, and Н. Paulsen for assistance rendered. 


APPENDIX. 
METHODS OF MEASUREMENT. 


In Wedmore's paper mention was made of the measurement of 
earth potentials between metal rods driven into the ground. 

These potentials, as has been shown, are liable to be very weak, 
and such methods are rendered unreliable by the chemical potentials 
set up between the electrodes and the electrolytes contained in the 
soil, which is liable to vary in composition. 

Further, the accuracy of the results is affected by the counter 
E.M.F. of polarisation. 

In order to overcome the latter difficulty, use has been made of non- 
polarisable electrodes composed of copper rods immersed in a saturated 
solution of copper sulphate contained in a glass tube, plugged with 
plaster of Paris mixed with the solution instead of with water, 
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By using these electrodes in pairs, potentials between the copper 
and the solution will be neutralised, and potentials set up between the 
copper sulphate and the earth may be almost completely balanced by 
always placing the points of the electrodes on small heaps of a uniform 
sand dampened with distilled water. 

The only unbalanced potentials remaining will be those set up 
between the sand and the soil, and will be very low indeed, so can be 
neglected in most cases. 

Where these precautions are not sufficient, four electrodes may be 
employed, as shown in Fig. 21, but it will seldom be found necessary. 

Even when all these precautions have been taken, it is never quite 
certain that chemical E.M.F.'s are not being measured. 

Earth potentials should always be measured by a zero method, and 
we have found the capillary electrometer of the Ostwald type to be 
very useful as a zero indicator, as at low potentials it is static, and 
potentials as low аз то ? volts can easily be detected. 


$ S 
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Fic. 21.—Measurement of Earth Potentials between Distant Points. 


E = Electrodes. 

С = Galvanometer or clectrometer. 
B = Bridge. 

C = Standard cell. 


The combination of electrometer and electrodes is perfectly dead 
beat, portable, and free from the influence of external magnetic fields, 
which are extremely powerful in the neighbourhood of tramway lines, 
whilst its use does not necessitate a knowledge of the potentials set up 
by every fresh kind of soil encountered as does that of the standard 
decinormal electrode. 

Values of current density have been measured by means of Haber 
and Goldschmidt's non-polarisable voltameter, and of pipe currents by 
the differential method of Claude, a correction being applied to com- 
pensate for the resistance from lamp-posts, hydrants, etc., to pipes. 

The magnitudes of the vagabond currents have been determined 
by passing a constant current through a measured length of track, and 
measuring at intervals the drop of potential across 50 ft. of solid rail. 

The wear of the rail was obtained by means of a profile indicator, 
the remaining area calculated, and the resistance obtained from the 
known properties of the metal. 

Potential measurements were also carried out at various points and 
the gradient plotted, actual values of the resistance to leakage per foot 
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run of track being obtained by calculation from the known voltage 
and current gradients. 

Single-electrode potentials have been measured by means of the 
calomel electrode, combined with the ballistic galvanometer and a 
condenser. 

The presence of gases around the plates, referred to in Section II., 
has been detected by means of the combination of copper electrodes 
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Fic. 22.—Curves of Back E.M.F. between 2 Copper Plates, 
each 12 in. x 6 in., placed 7 ft. apart in Sand. 


Measurements taken between a fixed electrode half-way between plates and 
an exploring electrode moved from plate to plate. Current switched ofí before 
taking measurements. 


and capillary electrometer, one electrode being placed half-way between 
the plates and the other being moved gradually from plate to plate, 
the potential being observed at each point. 
The curves shown in Fig. 22 are typical of the results obtained. 
Such potentials may be traced several days after the experiment, 


DISCUSSION, 


Mr. MILES WALKER: I think that experiments such as those illustrated 
in Fig. 16, carried out on a large tramway system, are very interesting. 
The point made by the authors in Fig. 10, which I think is the most 
important figure in the paper, is of course one which, from a theoretical 
point of view, is fairly well recognised, but which, in connection with 
the drop in the pipes, has been rather overlooked. Ав the greater part 
of the drop in potential occurs within 2 or 3 ft. of the rail, pipes at a 
distance of 3 ft. are fairly safe, but still some cases of trouble might 
arise, For instance, suppose a pipe laid in good conducting soil 4 ft. 
rom the rail, and following it for 200 or 300 yards, it is conceivable that 
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the potential may be raised sufficiently high to cause a considerable 
current to flow along it, and this current in leaving the pipe at the joints 
might bring about electrolytic action. In connection with Fig. ro, it is 
stated that the shape of curve 3 did not depend upon the sizes of plate ; 
but I cannot help thinking that it must do so, because, if the plates are 
large enough, the distance between them becomes small in proportion 
to their size, and then the conditions are practically those shown in 
curve I, Fig. 1o. 

Mr. A. P. Ткоттев: The days of alternating-current traction are 
coming, and I should like to know a little more about the suggestion 
that alternating-current leakage will be larger than with continuous 
current, although I think it is generally admitted that alternating 
current is less likely to produce electrolysis. 

With regard to the author's criticisms of the Board of Trade Regula- 
tions, those Regulations were drawn up by my predecessor, Major 
Cardew, some fifteen years ago, when there were only a few miles of 
tramway in the country, and that was done after a conference with the 
waterworks, gasworks, and tramways representatives. Nobody really 
knew much about it, and it was a sort of inspiration which caused Major 
Cardew and the conference to hit on those figures which ћаус effectu- 
ally protected the gas and water pipes in this country, and have done 
little harm to the tramways. Тһе time will come when they will have 
to be altered. І agree with the authors that Fig. то is one of the most 
important in the paper. Тһе subject is alluded to again on page 465. 
The suggestion that no electrolysis need be feared at a distance greater 
than 3 ft. is borne out by experience. The two most marked cases of 
damage that I know of occurred within 2 ft. of a rail. I have discussed 
this point with Mr. Hancock, the Electrical Adviser to the Government 
of Western Australia, and asked him for his opinion, and he said that 
no pipe should come within 2 ft. of the rail. This was based on experi- 
ence, and is the only regulation about electrolysis that his Government 
has made. There are cases of corrosion, and it is my business to look 
after these when they occur and investigate matters. On nine occasions 
corroded pipes have been most solemnly brought before Parliamentary 
Committees. There were really only three pipes, and they each came 
up three times, and the Board of Trade Regulations had been exceeded 
in every case. If 1 remember rightly, there is not a single case оп 
record in this country of a pipe being corroded where the Board of 
Trade Regulations have been observed and tests carried out. Generally 
speaking, I believe the 3-ft. rule is an excellent опе. I had to investi- 
gate a case in connection with the disturbance of submarine cables by 
the Capetown tramways, and there I took out the fish-piates and bond 
in {һе middle of a 7-mile track, cleaned the faces, and put in an 
ammeter shunt. We had three or four tramcars at the far end of the 
line with the brakes hard down. We measured the current at the спа 
and at the middle, and there was about 70 per cent. going through to 
the rail, corresponding with Mr. Parshall's figure. It is extremely 
interesting to hear that very careful search in Manchester affords no 
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instance of damage by electrolysis due to tramways. Some four years 
ago a length of 18 in. of lead pipe was found to be corroded in a town 
near Manchester. It lay close under a tramway rail, and no Board of 
Trade tests had been made. I made careful inquiry, but could find 
nothing more than this 18 in. I asked the Water Engineer of Мап- 
chester to let me know if any case came to his knowledge, but he has 
not informed me of any. 

With regard to the practice of connecting the rails to the pipes, a 
pipe may come very close to the rail at the far end and get a good dose 
of current ; or, on the other hand, it may come close to the negative end 
and the resistance may be so small that there is strong inducement for 
the current to leak out. I think in many cases, where there is а 
tendency for the current to get out of the pipe into the earth, it would 
be well to let it out by a metallic path with a bond, and there are scores 
of cases where bonding has been put in and incipient electrolysis 
stopped, and thercfore it is not quite right to say it is not the practice 
in this country to make this connection. I think Fig. 20 is rather dis- 
appointing as an electrolytic survey. Such a survey is a very interesting 
matter. Of course, the current varjes so much that you cannot get а 
steady reading; but a fair estimate can be made of the distribution of 
voltage between pipes and rails, and of the boundary between the 
districts in which the pipes are positive to the rails and those in which 
they are negative. Ithink it is sometimes worth while to make such a 
survey. 

Professor W. W. HALDANE GEE: With regard to the important 
tests given in Messrs. Cunliffe’s paper, which may be regarded as a 
valuable supplement to my paper of last year, I believe when I first 
proposed these tests there was a considerable amount of timidity in 
certain official quarters as to what the result would be. I assured 
them that I thought the whole system was perfectly safe, and the 
paper shows that, as far as Manchester is concerned, we need not fear 
damage by electrolysis. There are a number of points to which I 


should like to allude. Тһе first is as to what happens when a current . 


is passed through a saturated solution of common salt with copper 
electrodes. The authors say that an oxide is produced at the anode, 
Is there not a chloride or something of that sort produced ? Was 
the deposit on the anode of a green or a dark colour? The test 
with 500 volts confirms those that I made last year, showing the 
importance of endosmose in causing a large resistance at the positive 
end, and here, with a high voltage, the effect becomes very important. 
Again, alluding to endosmose, the authors state that the rule for the 
trolley wire being positive was due to Mr. Pearson, Engineer of the West 
End Railway Company, Boston. In books on traction the statement 
is generally made that the trolley wire is positive because the insulation 
is much better. It dries, and we well know the positive lead always 
tests better than the negative in the 3-wire system. I fully agree with 
the authors that in some cases it might be advisable to make the trolley 
wire negative, Whatever is positive is likely to corrode; on the other 
VoL. 48. 
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hand, it is also likely to dry well. It is difficult, in some cases, to 
reverse the polarity of the trolley wire, and I believe in Manchester it 
would cause considerable trouble. I am very glad the authors have 
made out a case for alternating leakage currents in direct-current 
systems. In Fig. 14 are shown the theoretical leakage character- 
istics in the case of a single tram on the track. There must be here 
a sort of alternating leakage current, sometimes making part of 
the pipe become positive and at other times negative, and the 
authors have, іп Fig. 17, arrived at practical results which agree 
with the theory. One would like to know how Fig. 15 has been 
deduced. Тһе authors show clearly that the American practice of 
connecting the pipes to the rails, which has been strongly recom- 
mended in many cases of bad leakage, is distinctly wrong; on the 
other hand, with the authority of Mr. Trotter, we may regard the “3-Н. 
rule" as of great importance. The measuring instruments shown on 
the table are no doubt novel to many here. The Kohlrausch bridge 
shown is an extremely handy apparatus for measuring resistances in all 
cases where there may possibly be electrolytes. Тһе capillary electro- 
meter has been despised as an impracticable instrument, but we have 
here an instance of engineers using a laboratory instrument restricted 
for many ycars to physiological and electrochemical work. The 
capillary electrometer is an extremely simple instrument, and only 
requires for successful use clean glass tubing, clean mercury, and clean 
electrolyte ; generally one of these three is lacking, hence the difficulties 
experienced in using the instrument. 

Mr. C. Е. Змтн ; І should like to thank Messrs. Cunliffe for the 
paper they have given us, both on general grounds on account of its 
value and interest, and particularly because they are old students of 
ours at the School of Technology. On that account I am specially 
pleased to be here to hear the paper read. I notice that on page 455the 
statement is made that the carth conductivity is invariably of an 
electrolytic nature. I suppose by that statement they do not mean 
that they have proved that the conductivity is exclusively of an electro- 
lytic:nature. This could only be done by quantitative measurements, 
which they do not appear to have made. 1 understand them to mean 
that electrolysis is always found to accompany the flow of current 
through the soil. On page 437 it is at first almost alarming to hear that if 
the earth plates are sufficiently far away from one another, the resist- 
ance between them is zero. This suggests visions of the great advantage 
of long distances in traction—for instance, in the case of main-line 
railways with a generating station in Scotland and rails connected to 
earth plates in Cornwall, we shall expect to find no trouble in reducing 
the rail drop to zero. I think what the authors should have said is 
that the resistance fer yard or рег mile with an infinite distance is zero. 
The actual resistance that they have found to exist near. the electrodes 
due to concentration of the stream-lines is not rendered zero by an 
increase in distance. 

In Fig. 13 the authors show an interesting diagram as to the effect 
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on water pipes. It occurred to me that although they have considered 
the effect on pipes laid parallel with the rail, they have not said any- 
thing about the effect on a pipe which is taken across the street down 
which the tramway is laid. In some of the earlicr tramway installa- 
tions in Germany, where the gas pipes were taken from side to side of 
the street in order to supply various houses, it was found that there was 
а great deal of corrosion just at the point where those pipes passed 
underneath the rails. I should rather like to suggest to the authors 
that this would be a case where corrosion might take place, even 
possibly outside the 3-ft. limit, since such pipes must evidently cut 
several equipotential surfaces. I should like to ask the mcaning of the 
curve of resistance in the figure on page 464, and how it is obtained ; 
also how the exact position of the neutral point is arrived at. It is not 
referred to in the text. I should also like to suggest to the authors that 
a little more explanation as to the position of the point o mentioned at 
the top of page 463 would make their statement clearer that it is at a 
distance of 0:42 times the length of section from the negative feed- 
point. 

Mr. А. MAGNALL: Being responsible for a large network of lead- 
covered cables in Manchester, I have on many occasions made special 
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efforts to try and find any signs of electrolysis, and only to-day I 
happened to cut out a piece of lead that has been in the streets of 
Manchester for the last sixteen years, and close to a very busy tramway 
track near the top of Portland Street, the lead being almost as good as 
new. I think the subject of electrolysis is one which ought not to be 
lost sight of, and I am quite in agreement with the remarks made last 
year by Professor Gee at this section. I accidently came across a case 
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of leakage the other day which тау be of interest. I wasin а тапћоје 
where a man was testing cable with an ordinary detector and got a 
current on the ordinary detector galvanometer between two cable 
sheaths. I tried several little experiments, and found that I was getting 
a current from a short length of cable. I sent up the following morn- 
ing, had the voltage measured by driving a stake in the ground and 
then tapping on to the cable, and got a voltage of o2. Then the attach- 
ment was put on the cable, whilst a tramcar passed over the bridge 
close by, and the moment the car got on the bridge the voltage reversed, 
and jumped up to 25. When the cars were in sections А or С 
a potential of 0'2 volt was obtained from the earth, but immediately 
the car got on to the bridge or section B 2:5 volts was obtained 
from the cable, and the conclusion is that the return current strayed 
through earth, and the vagabond current distributed. 

Мг. S. Е. PEARCE: It may not be generally known—but I think 
Mr. Trotter will bear me out—that a greater use is made in Manchester 
of insulated returns than in almost any other tramway system in the 
country. Тһе original idea—and it is only departed from in three 
instances—was to lay two 4-in. feeders, а positive and a negative, to each 
feeding-point. That will doubtless account to a very great extent for 
the limited drop in voltage that has been observed in the rails, and 
it has also another practical advantage, which we have found to be of 
very great service during the past few years, that in case of a positive 
feeder breaking down, it is possible to make the negative feeder 
positive for the time being, and to work back by the rails ; or alter- 
natively it is possible to double the section of the positive feeder, 
making the negative into a positive, and to draw in an equivalent r-in. 
cable through a pipe that may be laid in the ground, not necessarily to 
the same point as the other two were feeding, but very near it. That 
has been done in a good many cases, and it has been found of extreme 
value on those roads where the exigencies of the traffic requirements 
have called for increased section of copper. 

There is only one point in the paper that I wish to touch upon, and 
that is the authors' suggestion on page 467 that it should be left to the 
discretion of the engineer to change over the return cables. Now that 
is a method that I think would be extremely difficult to put into opera- 
tion in our own case. All our series windings are on the negative 
pole, all the equaliser connections in the pillars, and the switchgear 
connections are practically at earth potential, and I do not think it 
would be possible under present working conditions to change over 
those connections from negative to positive without inviting a break- 
down at some part of the equipment. 

Mr. С. L. E. STEWART : I should like to ask the authors what would 
be the effect of a pipe running parallel to the track when there are 
a large number of service pipes crossing under the track and fairly near 
toit. Inone instance I know of, there was a 3-in. cast-iron water main 
crossing underneath the track, and it probably ran alongside the track 
for some distance, The pipe burst about 15 to 20 yards distant, at right 
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angles to the tram route, and there was a hole in it several inches across, 
and therest of the pipe could have been cut with a pen-knife. Another 
point was as to bonding either the cable sheathing or any of the pipes 
to the rail when they are running parallel to the track. It seems to 
me if this is not done there will be potentials which are liable, if they 
come across anything in the ground, to produce burning of the lead, 
and if it is done the lead of the cables will act as return feeders. 

In the case where a pipe makes a short cut across two tramway 
routes, as might happen if the tramways made a circuitous route from 
the generating station to the centre of the town, would not the effect be 
rather different from that produced if the pipe ran parallel to the rail ? 

Mr. A. SMYTH : On page 457 the authors say, “It is evidently 
incorrect to speak of the resistance to leakage from a plate of a given 
size to earth, as this resistance depends entirely upon the size of the 
other electrode and its distance away." Му experience shows that the 
resistance is also affected by the mechanical pressure on the plates, 
and this is a very important item in a tramway service. I also think 
the authors have been wise in confining their efforts in this matter to 
experimental work, as the conditions are far too complex for mathe- 
matical analysis. 

Mr. J. Екітн: The question of the conductivity of the soil, dealt 
with in the earlier part of the paper, interests me a great deal. I 
take it that the actual components of the soil—sand, clay, and rock— 
would be excellent insulators if thoroughly dry, and the conductivity of 
the earth depends entirely upon what these are moistened with—i.ce., 
pure water, or with a solution of various salts. The curve Fig. 5 shows 
clearly that theory is borne out by practice in that there is a certain 
distance which gives a maximum resistance between two earth plates, 
but I did not expect that this critical distance would be so independent 
of the size of the plates; for so wide a range as o'r to r'6 sq. ft. 
the maximum resistance seems to occur at about 25 ft. ; can the 
authors tell us what is the significance of this distance of 25 ft.? 1 
do not think that the curves bear out the suggestion of the authors that 
the resistance would become zero if the distance were infinite, nor do 
I see any justification for the statement that there is no gain in con- 
ductivity from increasing the area of the earth plates beyond 6 sq. ft. 

Mr. C. J. BEAVER : To my mind, such practical conclusions as those 
in the paper formed on a sound basis of investigation are very valuable. 
Those who have studied the question of the conductivity of various 
kinds of soil, and the insulating properties of earthy materials, will 
find little difficulty in confirming the author's conclusion, that earth 
conductivity is of an electrolytic nature. The actual values obtained 
by the authors are valuable from the practical point of view to those 
who are responsible for the care of pipe systems and cable networks, 
and they have an important bearing on the vexed question of where to 
bond and where to refrain from bonding. They show that where 
pipes or cable sheaths are placed at a reasonable distance from tram 
rails, the currents flowing to or from them are at a density which is 
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sufficiently low to be negligible, and, after all, current density is the 
factor which controls the degree of corrosion. 

I cordially agree with the authors with regard to the effect of the 
7-volt limit of rail drop imposed by the Board of Trade in preventing 
electrolytic trouble in this country. Apart from the necessity for 
plenty of negative feeders entailed by this 7-volt limit (of which 
necessity, I, as а cable maker, strongly approve), the effect of 
this regulation has been all in the right direction without con- 
stituting ап appreciable drawback to the development of electric 
tramways. І had hoped that we should have heard a good deal to-night 
from central station engineers as to the conditions under which elec- 
trolytic corrosion of pipes and cable sheaths has been found to occur, 
and as to how their practical experience compares with the conclusions 
set forth in the paper. 

With regard to the values obtained by the authors which led them 
to their conclusion as to the safety of the 3-ft. limit of distance between 
pipes or cable sheaths and tramway tracks, my own experience, which 
is a fairly wide one, is that most instances of clectrolytic corrosion 
of pipes or cable sheaths bv vagabond currents from tracts in this 
country have been duc to causes which may be classified under three 
general headings :— 


I. Where the rail drop has been in excess of the 7-volt limit due 
either to absence of negative fecders or totheir being wrongly 
disposed. 

2. Abnormal soil conditions where either the character or the 
conductivity of the soil has not been sufficiently allowed for. 
(Under this heading I also include wet ducts in close 
proximity to tram rails.) 

3. Where the arrangement of pipes or lead-covered cables has 
been such that they afford a path of less resistance for return 
current than the tram rails. 


With regard to this third heading, I have one or two instances in 
mind where lead-covered cables pass under tram tracks practically at 
right angles, and run to the generating station by a much shorter route 
than the track. In such danger zones as these electrolytic corrosion 15 
best avoided by direct bonding, so as to provide a metallic path to 
convey current to the cable sheaths, which would otherwise get on 
by electrolytic paths, and thus set up corrosion. There are, of 
course, alternative methods which are obvious but usually less con- 
venient, 

Mr. J. S. Peck : Some time ago I received from America the results 
of an elaborate series of tests made to determine the data rcgardiug 
vagabond current from single-phase railways. Тһе amount of current 
returning through the carth was determined approximately by taking 
the difference between the trolley and rail currents, and the distribu- 
tion of this current through the earth was found by stretching loops of 
wire along the ground in the neighbourhood of the track, and measur- 
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ing the voltage induced in them by the field due to the earth currents. 
Some of the loops were several miles in length, and it was found that 
by comparing the voltage generated in loops of different size and in 
those placed in different positions, the current distribution could be 
approximated. The effect of the alternating current upon telegraph 
and telephone wires in the neighbourhood of the railway was also 
investigated. It was found that with grounded circuits it was im- 
possible under many conditions to communicate over the wires. To 
overcome this difficulty, the arrangement shown in Fig. B. was devised. 

An auxiliary wire is run parallel to the telegraph wire and as close 
to itas possible. This wire is grounded at both ends, so that in con- 
nection with the сагіһ it constitutes a closed loop in which a voltage 
is induced equal to that induced in the telegraph circuit. The auxiliary 
wire is connected in series with the primary of a small transformer. 
The secondary of this transformer is in series with the telegraph 
circuit. Current flowing through the auxiliary wire and therefore 
through the primary of the transformer induces a voltage on the 
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secondary of the transformer opposite to and approximately equal to 
the voltage induced in this circuit by the alternating field. As a result, 
the voltage induced in the telegraph circuit by the single-phase current 
is neutralised. This scheme has been found to work out very satis- 
factorily in practice. One transformer is usually provided with several 
secondary coils, one being connected in series with each telegraph 
circuit. Mr. Trotter tells us that there has never been a single case of 
corrosion where the Board of Trade rules have been followed. Does 
this not point to the conclusion that the rules are too strict ? 

Mr. А. К. BENTLEY: Referring to Fig. т, curve 2, it seems as if the 
values of the back E.M.F. at the anode being partly due to a film 
formed would increase with time as the thickness of film increased. 1 
would like to know also how curve 3 in Fig 3 was obtained without 
error due to drop in film, etc. 

On looking at Figs. іі and 12, I noticed that the lines of equal 
potential and the stream lines are exactly the same as those between 
two spheres or cylinders with equal and opposite electrostatic charges, 
and that they are similar to those between two equal and opposite 
magnet poles. It occurred to me that curves representing stream- 
lines of vagabond currents could be obtained by arranging on a table 
a few pieces of iron rod, etc., to represent rails and water pipes, 
placing a bar-magnet on end with one pole down on the table to repre- 
sent a car and another with the opposite pole down to represent a 
negative feed-point, Iron filings will then give a rough idea of the 
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direction and distribution of any stray currents which might be pro- 
duced. 

I would also like to refer to two pieces of apparatus which should 
be better known to engineers. І refer to the Calomel Standard 
Electrode and the Capillary Electrometer. 

The former consists of a glass syphon vessel containing pure 
mercury under a paste of calomel mixed with mercury, this in turn 
being covered by a solution of potassium chloride. In measuring the 
potential from an electrode to a point in the ground some distance 
from it, the end of the syphon tube is placed in the ground and the 
liquid forced over to make contact. After measuring the potential 
between the electrode and the mercury, the required potential is 
obtained by subtracting that between the mercury and the potassium 
chloride which is a standard value (0:56 volt at 18° C.). The capillary 
electrometer, which has been alluded to by Professor Gee, is an instru- 
ment in which the surface of some pure mercury in contact with dilute 
sulphuric acid is looked at through a microscope which has a fine scale 
in the eye-piece. А very small difference of potential between the 
acid and mercury will cause the meniscus to move, so that the arrange- 
ment will serve for direct measurement of small potentials or may be 
used as a very sensitive zero-indicator for Wheatstone bridge measure- 
ments. It is an electrometer and takes practically no current. 

Мг. А. Watts (communicated): On a casual glance through the 
paper, I notice on page 467, paragraph 7, that the Board of Trade 
Regulation 6 (II.) is stated to provide that “по pipe shall be positive to 
the rail by more than т volt, nor negative to the rail by more than 3 
volts" I would point out that the Board of Trade Regulation does not 
mention these voltages. Тһе actual reading is as follows: “ That if at 
any time and any place a test be made by connecting a galvanometer 
or other current indicator to the uninsulated ‘return and to any pipe in 
the vicinity, it shall always be possible to reverse the direction of any 
current indicated by interposing a battery of three Leclanché cells 
connected in series if the direction of the current is from the return to 
the pipe, and by interposing т Leclanché cell if the direction of the 
current is from the pipe to the return." The generally-accepted E.M.F. 
of a Leclanché cell is r'5 volts, so that the figures referred to should 
read 1:5 and 4:5 volts respectively. 

Мг. W. К. Соорек (communicated): The paper appears to contain 
a serious error with reference to electrolytic surveys. It is well to 
remember that for all practical purposes the potential of a pipe in rela- 
tion to the track is due to current flowing through the pipe as a shunt 
to the track. We cannot make arbitrary assumptions as to the 
potential of the pipe, and the conditions obtained from Fig. 20 are 
incorrect. Take the analogous case of Fig. C of two circuits 
B C, B D, joining at B into a common return А B (the return feeder). 


‚ Let two points E Е be connected by conductors E С, СН, and 


HF. For the moment, assume that EG and НЕ do not contain 
E.M.F.s. Then the authors would argue that if there is to be no 
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current in G H, there must be no drop in this conductor, which must 
be at thé same potential as B, and therefore the drop in potential 
along E G is the same as along E B, and that along H F is the same as 
along BF. Аз a matter of fact, however, the condition for no flow is 
that E and F must be at the same potential, and even this is not 
sufficient if the conductors are placed іп a conducting medium like the 
earth: there would then be a flow from 
parts of GH to parts of E B and FB 
near B, though this might be negligible 
if back E.M.F.’s resulted. Тһе case of 
a pipe is complicated by the back E.M.F. 
of polarisation as soon as a current 
attempts to flow. It is much simpler 
to regard a pipe as a shunt to part of 
the track than in the way the authors 
have done. Thus, if T T is the track in 
Fig. D., and A Ва pipe in shunt toit con- 
nected metallically at B, then current 
under the conditions shown will certainly flow from the end A tothe rail 
if A is more than 1$ volts positive to the track, and the more highly posi- 
tive it becomes (i.e., the longer the shunt) the worse will be the result. If 
there is a pipe C D not metallically connected at either end to the track, 
then as soon as current tries to flow through the pipe, back E.M.F.’s 
E., E, appear, and unless the potential gradient is sufficiently steep to 
overcome these, practically no current can flow through the pipe. 


Fic. C. 


т чс---еи т 
| | Ert т E, 
A В с р 
E Fic. D. 


Morcover, if current flows purely through the earth without taking the 
pipe as a path, it encounters only опе back E.M.F. instead of two, and 
thus the pipe does not come into circuit unless it offers a real advantage. 
These examples are sufficient to show that it would be a serious mis- 
take to raise the Board of Trade limits as suggested by the authors. 
Mr. J. G. CUNLIFFE (in reply): We have stated that if the rail drop 
be kept low, the resistance of a pipe will prevent the flow of a heavy 
current along it, and Mr. Walker has pointed out that this still remains 
to be proved. Тһе resistance of a pipe cannot be measured in silu, 
owing to the numerous branch paths available for the current to follow ; 
we have had no opportunity of testing pipes which were not sur- 
rounded by earth, and are, therefore, compelled to accept published 
results. Larsen and Faber * state that a pipe 9 in. internal diameter 
and os in. thick has a resistance of ооо ohm per mile exclusive of 


* Elektrotechnische Zeitschrift, vol. 22, p. 1038, 1901. 
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joint resistance, and Lubberger* is in agreement with these figures, 
Lubberger + also found that the water contained in the pipes did not 
materially affect the conductivity, and this was also observed Бу Meng,j 
who gives the following figures relating to the resistance of joints 
in pipes which bave been laid for some years :— 


Gas pipe joints, 0:08 to 1,200 ohms (average 230 ohms). 
Water pipe joints, оо2 to 115 ohms (average r4 ohms). 


It might appear that, even with high joint resistance, the total 
resistance would not be very high, owing to shunting round the joints 
through the soil, but we have found a resistance of from 25 to 30 ohms 
between two 12-ft. lengths of 6-in. piping buried in the ground with 
their ends only à in. apart, so that, on the whole, we felt justified in 
making the statement. 

If very large square plates were used, the potential gradients given 
in Fig. ro, curve 3, would, especially at short distances, become similar 
in shape to curves Nos. 1 and 2 in the same diagram, but the surfaces 
encountered in practice are not square—in fact, they are strips rather 
than plates, and however great their arca, we have found the 3-ft. rule 
toapply. The pipe shown in Fig. 13 is metallically connected to the 
rail at its distant end and the potential remarked by Mr. Walker is the 
rail drop. 

We are gratihed that Mr. Trotter has found our 3-ft. limit to be 
justified by experience as it 15 а point upon which we have received 
much criticism from friends who regarded it only from a theoretical 
standpoint. Inthe case of alternating-current traction systems, pre- 
sumably having cars equipped with the series commutator motor, it is 
well known that. the highly inductive series winding and the sparking 
at the conimutator are productive of a current wave containing higher 
harmonics, and the impedance offered to the flow of such a current in 
the steel rails must be much greater than the resistance opposed to the 
flow of an equivalent coatinuous current, so that the vagabond current, 
other conditions being similar, must be increased. Further, the 
harmonics will be damped out of the current flowing in the rails, but 
will remain in the vagabond current wave. Of course, owing to the 
track construction, the resistance to leakage will be much higher, but 
so also will the rail drop and the length of section. "There will be, 
owing to the high impedance, even less tendency for the vagabond 
currents to enter iron pipes, and even if they were to do so, the result- 
ing corrosion would not be severe, as a long series of experiments 
carried out at the Manchester School of Tecohology under the super- 
vision of Professor Gee has shown that alternating currents only cause 
from 2 per cent. to 3 per cent. of the corrosion obtained with an equi- 
valent direct current. The only danger condition would be the сіссіго- 
lytic rectification of the alternating current. 


* Journal für Gas und Wasserversorgung, р. 508, 1901. + Ibid., p. 723, 19or. 
H Elektrotechnische Zeitschrift, vol. 22, p. 354, 1901, 
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The figures exhibited by Mr. Trotter are of great interest, and are 
described in his contribution to the discussion on Wedmore's paper in 
connection with a very ingenious source and sink theorem. We agree 
with Mr. Trotter that there are cases where incipient electrolysis might 
be stopped by means of a bond, but we have shown that the bonded 
pipe then becomes a part of the conducting circuit, and every other 
pipe situated close to it is placed in danger, so that the remedy may be 
far worse than the discase. It would be much better to insert insulated 
joints in suitable positions in the threatened pipe. Such joints might 
consist of lengths of earthenware piping, where suitable, and would, by 
splitting up the pipe, keep the current flowing in any part low. In the 
case of tube railways care should be taken that there is no metallic 
connection between the rails and the tube except at the negative feed- 
points, where the two should be carefully bonded together, the sections 
of the tube being carefully bonded as at present. This would not 
materially endanger surrounding pipe systems, as the tube completely 
surrounds the track and is of very high conductivity. 

After the elaborate maps to which we have become accustomed, 
Fig. 20 may be rather disappointing as an electrolytic survey, but it 
must be remembered that such surveys are in the hands of laymen, and 
the old form may cause unnecessary friction, and although it is un- 
doubtedly of interest in showing the location of the danger zones, yet 
‘this can be ascertained with less labour and expense by a careful con- 
sideration of the negative feeding system and a knowledge of the load 
distribution, such as is always at the disposal of the traction engineer. 

In the case of electrolysis of salt solution mentioned in the paper, 
the deposit was a dark one of oxide, but there was a greenish scum of 
oxy-chloride on the plate at the surface of the liquid. On several 
occasions we have encountered clectrolysis in earth containing a large 
percentage of NaCl, and have invariably found the principal product 
to be the oxy-chloride. Тһе following is a representative analysis of 
the blue-green deposit found around corroded gun-metal :— 


Per Cent. 
Oxy-chloride of copper ... © ids ... 84°89 
Chloride of zinc... 24% T во. .. r89 
Chlorides of zinc and iron -— T ...  2'96 
Sulphate of zinc... is m ae ste, 09003 
Oxides of iron and zinc ... ms as .. 093 
Lime not as sulphate —... ж Ее? ... 0789 
Moisture and insoluble matter ... ius ... 279I 


Our authority for the statements concerning the positive polarity of 
the trolley wire is Farnham.* If the matter were to be determined by 
insulation only the wire would be made negative, as in any case it is 
very easy to obtain a very high insulation resistance, we have shown | 

е Electrician, vol. 33. p. 16, 1894. 
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that the failure of the primary insulation is due to endosmose and 
would be prevented by reversal of the polarity so as to make the trolley 
wire negative. 

We do not claim to have absolutely proved that carth conductivity 
is entirely electrolytic, as this could only be done by means of quanti- 
tative measurements which we have not carried out, but we have shown 
that cases of apparent metallic conductivity may be shown to be only 
electrolytic conductivity in disguise, and we have found all soils tested 
to be insulators when dry, and that their conductivity depends entirely 
upon the presence of water in which their soluble salts are dissolved. 
This being the case, the conductivity can only be electrolytic, and we 
are of opinion that the sentence quoted from Messrs. Haber and 
Goldschmidt in Section II. of the paper forms an accurate statement 
of the facts. 

With regard to the statement that at infinite distance the resistance 
between two earth plates would be zero ; this, of course, is incorrect, as 
there would still be the resistance near the surface of the plates, as is 
shown so well in Fig. то. The curves in Fig. 5 are asymptotic not to 
the axis of abscissze but to axes parallel thereto, and the word “ zero” 
ought to read “constant.” At distances in excess of 2,000 ft. the 
resistance is practically constant. 

A pipe crossing immediately below the rails would be subject to a 
double corrosion :— 


I. À local action due to the cutting of different equi-potential 
surfaces which, owing to the steep potential gradient, are close 
together. 

2. А corrosive effect, due to any current which might happen to be 
flowing in the general mass of the pipe, if the crossing point 
happened to be in the danger zone. 


We do not agree with Mr. Smith that there would be any corrosion 
in such a case if the pipe were outside the 3-ft. limit, as in any case 
the pipe is carrying no current, and in the case mentioned by Mr. 
Stewart, where the pipe cuts across a curve in the track, so as to cross 
twice, the conditions are exactly similar to those illustrated in Fig. 20 
for a pipe parallel to the rail, the only possible difference being that the 
rail drop might bea little higher. The curvesof Fig. 17 are explained on 
page 463, paragraph 5, but as several members have asked to have these 
figures explained I propose to show how Fig. r5 is deduced, the 
reasoning applying also to Figs. 14 and 17. Consider a track of length 
L subject to a uniformly distributed load, i.e., the current flow increases 
uniformly from dividing-point to negative feed-point. Then, if 1 be the 
current flowing іп a small element of track of length ô? situated at a 
distance / from the negative feed-point, and if I be the total current 
flowing, it is obvious that— 


=I (1 - 0) іс АЛЕ Уи Aor e жола E) 
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and. if r be the resistance of unit length of track, it is easily shown Мг. 


that the track potential e at distance / is given by the equation— 


= Ls ab 
=1.(1 AL) о к 4. азы Ж. 2) 
and that the total drop in the section 15— 
IrL 
Bx зу Ыы ж nde dose hes (3) 


The curve representing rail drop is cvidently a parabola, and its 
area is— 5 
IrL’? 

3^ (4) 


Suppose now that the resistance to leakage from the rail may be 
represented as that due to a uniform film at the surface of the rail. 


A 


Then it is obvious that the area enclosed between the parabola P and 
the datum line in Fig. E must represent the leakage current with a 
perfect earth plate connected to the track at the negative feed-point. 
In practice, however, there is no perfect earth plate, and current leaves 
the rails in the neighbourhood of the dividing point to enter again in 
the danger zone. Evidently the parabola may be placed in the position 
indicated by curve f in Fig. E, making the shaded areas equal since the 
current entering the rails must be equal to the current leaving. By the 
properties of the parabola, it follows that the length /, being the 
distance from the negative feed point to the neutral point, is given by 


the equation— 
h = (1-5): ы ЧИНЕ шаа Su zd B) 


The total vagabond current, formerly given by equation (4), is now 
equal to— 
I IrL? 


3/3 3 
. By considering separately the resistance from successive small 
elements of rail on either side of the neutral point to the whole of the 
rail on the opposite side, the resistance curves shown by Figs. 14 (2) and 
I5 (2) are obtained by reference to Fig. 5, and curve No. 2, Fig. 17, 


· (6) 


Cunliffe. 
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being obtained directly from the current and potential gradients in the 
rail, verifies the forms arrived at. It is evident that the resistance 
curve is not exactly horizontal owing to the effect of distance, but the 
same method may nevertheless be employed. 

The bridge referred to by Mr. Magnall is evidently the Trafford 
swing bridge which is crossed by our cars. In order to ensure exact 
alignment there is a hydraulic ram attached to the abutment, working 
in a cast-iron socket in the bridge. Both cylinder and socket are 
bonded to the rails, but there is the film of water between the ram and the 
cylinder walls in addition to the rubbing contact between the ram and 
its socket, so that the potentials measured are easily obtained оп а car 
passing over the bridge. There is no danger to the bridge structure, as 
the turntable is placed on the bank of the canal. We are glad to hear 
from Mr. Magnall that electrolysis of lead cable, even where exposed to 
the vagabond currents, has not been observed in Manchester, and this 
has been supported by Mr. Haines, the Water Mains Superintendent, 
who states that corrosion of the iron pipes has not been more severe 
since than it was before the tramways were electrified, some nine 
years ago. 

The methods described by Mr. Peck are interesting as they open up 
possibilities of direct measurement of alternating vagabond current 
density, such measurements in the case of direct currents being possible 
only in the immediate neighbourhood of the rails, owing to the very 
low values encountered. With regard to the designing of electrical 
machinery so as to work on the verge of trouble, this is where the real 
skill of the designer is realised ; but we would remind Mr. Peck that 
there is a great difference between a structure and a machine, and 
where such huge interests are at stake, it is well to allow a large factor 
of safety, and the Board of Trade limit of 7 volts rail drop can be 
met without undue expense. 

The effect of mechanical pressure on the resistance between two 
earth plates is to slightly lessen the resistance the greater the pressure, 
the resistance becoming constant at a pressure of 300 lbs. per square 
foot in sandy ground. The critical distance at which maximum 
resistance is encountered is not exactly 25 ft., but increases with in- 
creasing arca of plates, as would have been apparent had the curves 
been plotted to a larger scale. Тһе E.M.F. of a Leclanché cell is 
generally taken as 1:4 volts, but this value is not maintained throughout 
the life of the cell, and it would appear that the Board of Trade has 
considered го volt to be a reasonable value, as their regulation 5 (5), 
which formerly referred to the E.M.F. of four Leclanché cells, now 
specifies 40 volts instead, the current produced remaining the same, 
and this is why we have taken 1*0 volt in order to illustrate our sugges- 
tion re regulation 6 (II.) in Section IV. of the paper. 

Mr. Cooper does not appear to have thoroughly understood our 
remarks relating to the electrolytic survey. Thus, we do not wish the 
Board of ‘Trade to raise the potential between the rails and pipes ; we 
merely wish them to realise that, with a fixed rail drop, the values of 
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such potentials are quite beyond their control, and to alter regulation 
6 (11.) so as to bring it in line with existing facts. Further, it has never 
been generally realised that the earth potentials observed are effects and 
not causes of the flow of vagabond currents, that the only electromotive 
force superimposed on the carth circuit is the rail drop, and that this, 
by its sense, determines absolutely the direction of flow of the vagabond 
currents, whether in pipes or earth. In stating that, in his Fig. D, if the 
pipes at А were at a potential higher by some 1:5 volts than that of 
the rail, current would flow back along the pipe from A to B to enter 
the rail at the bond shown, Mr. Cooper clearly betrays this miscon- 
ception. We have not stated that the pipe shown in Fig. 20 forms а 
shunt to the whole of the rail, as will beseen by referenceto the descrip- 
tion of the vagabond current circuit on page 465, paragraph r. During 
the reading of the paper this was further illustrated by Fig. F, which 
shows the vagabond current stream lines flowing from a small element 
of rail near the dividing-point. It has been the custom to refer to the 
short-circuiting of the soil by a pipe, but it would appear that the 
reverse is really the case, and that the pipe is short-circuited by the soil. 


Mr. 
Cunliffe. 


Trolleu wire 


Trolley wire 


Rail 
e E =. e 
Р! ре А -—pe. 
—— 
014 сопсербоп New conception 


Ғіс. F. 


The path offering minimum resistance is illustrated, and it is evident 
that only a small portion of the pipe is really available as a part of the 
return circuit for the vagabond current from each such element, so that 
we are really in agreement with Mr. Cooper that the pipe forms a shunt 
to a portion only of the rail. 

Since the paper was read we have received a communicatian from 
Dr. C. Michalke in which it is stated that the counter E.M.F.’s of 
polarisation encountered at the surface of the pipe at C and D in Mr. 
Cooper’s Fig. D are dependent upon the current density, and are so 
variable that they cannot with any accuracy be taken into account. 
This agrees with our own experience, and we are of opinion that the 
increase of apparent resistance causcd by polarisation is due to the 
isolation of the soil particles by means of minute bubbles of gas rather 
than to the counter E.M.F. 

In conclusion, I would point out that our conclusions are not 
dependent upon strict parallelism of rails and pipes, as would appear to 
have been assumed by several of the members, such condition only 
being assumed for greater simplicity in explaining points which are 
already sufficiently involved. 
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THE ELECTRIFICATION OF STEAM-DRIVEN 
NON-REVERSING ROLLING MILLS. 


Ву W. Е. My tan, Associate Member. 


(Paper received from the LEEDS LOCAL SECTION, March 30, and read at 
Leeds on April 21, 1909.) 


The advantage of electricity for power purposes has been appre- 
ciated by no one more than those engineers who are engaged in the 
production of the metals in all the varying forms which the require- 
ments of the day call for. That such is the case, however, is a 
remarkable tribute to those pioncers who fifteen to twenty years back 
introduced the сіссігіс motor, at first with trepidation, and only as 
a means to an end for the supply of power at such points as it was 
impossible to reach with steam. The early workers applied the electric 
motor in substitution of steam on travelling cranes, isolated plants, etc.; 
but it was only after the electric motor in such situations had proved 
its remarkable reliability and economy that the more general appli- 
cation to live rolls, skid-gear, shears, punches, charging machines, hot 
saws, and other apparatus was carried out. Finally, having electrificd 
every other part of the plant, the engineers naturally turned to the 
problem of driving the rolling mills themselves, and it is on this 
particular question that I present these few remarks to you to-night. 

In the United Kingdom much has been done in this direction, but 
much more work remains to be executed. Leaving aside the question 
of reversing mills, which is a very deep subject, and which has 
deservedly met with a good deal of attention lately, the question 
whether to electrify or not to electrify a steam-driven non-reversing 
mill is one deserving our very closest consideration. Table I. gives 
a list of some mills now in operation in this country, together with 
information as to the type of rolls, size of motor, electrical charac- 
teristics of the power supply, and method of applying the motive 
power to the rolls. It is estimated that in Europe at the present date 
there are upwards of 230 electrically driven non-reversing mills in 
operation, the horsc-power of the motors used exceeding a total of 
200,000 H.P. 

As indicated by this list (which represents only a selection), a 
large number of electrically driven rolling mills are in commercial 
operation at the present time, giving every satisfaction to the pro- 
prietor and justifying thcir conversion. As a consequence, and 
following on the data obtained from actual installations, the electric 
driving of rolling mills is now quite past the experimental stage, 
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and it is not only possible to estimate with certainty the size and 
every feature of an equipment, but to determine very closely the 
actual cost of operating under any stated conditions. Such a result 
has not been arrived at without careful experimenting, and great credit 
is due to those manufacturers who at considerable financial risk under- 
took the earlier work in this direction, and obtained the information 
whereby they are now able to offer a plant to run exactly in accordance 
with requirements. 

The choice of a suitable equipment is all important, and whilst the 
description of several actual installations given later in the paper are 
of some interest as a guide, yet it must be remembered that every 
case requires separate consideration, and that an arrangement which 
would be sound in the one case would not be economical in the 
other. The problem of converting an existing installation is no simple 
matter, and very often the local conditions are such that the scheme 
decided on is only a compromise, the best proving unattainable. In 
many cases the difficulties have been further increased by the change 
having to be made with the minimum interference with the working of 
the mill, and it will interest you to know that such conditions have been 
successfully met, and the electrification carried through without any 
stoppage to the normal working of the mill. Тһе essential part of the 
work was done during the weck-end, and the smaller details and 
general clearing up executed at the ordinary stopping times. In 
one particular case no time whatever was lost by the mill during the 
conversion—a most creditable achievement, 

In estimating for the electrical equipment of an existing steam- 
driven mill it is usual to take a series of continuous indicator diagrams 
of the engine, the mill for the time doing its hardest work. These 
diagrams are useful as a check from which to calculate the power of 
the motor to be installed, but great care must be taken not to place too 
great a rcliance on the horse-powers as calculated from such diagrams. 
Allowance must be made for the increased output and heavier duty 
required of the motor due to the higher average speed, with consequent 
greater output following on the more even torque exerted by the 
clectric motor as compared with the very uneven turning effort of 
the steam engine, and in these days it is better to estimate the horse- 
power of the motor by calculating the work it will be called upon to do 
from the data already obtained under the same or similar conditions. 
Knowing (1) the total output of the mill during a certain period ; (2) the 
nature, sizc, and section of the raw material; (3) the size of the finished 
product ; (4) the cycle of operations—that is, the number and time of 
the passes, and the period of rest—it is possible by comparison and from 
figures already known from other installations, to estimate very closely 
the horse-power of the motor to be installed. 

А properly designed flywheel is of great assistance in reducing the 
size of the motor and enabling it to get over the peak loads without 
absorbing too great a current from the line. The tendency of the 
motor to slow down, due toa heavy load coming on, causes the flywhecl 
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to give up its energy, and as the load decreases and the motor speeds 
up energy will be returned to {һе flywhecl. The ideal condition for a 
flywheel is when the highest load on the mill is accompanied by 
a reduction of the motor speed from the maximum to the minimum limit, 
so causing the flywheel to give up the greatest possible amount of 
energy, reducing thereby the demand made on the motor and by the 
motor from the line. This period should be followed by a light load 
period, allowing the motor to regain its normal speed and restore the 
lost energy to the flywheel. It should be remembered that the time 
taken to extract the energy from the flywheel is usually considerably 
shorter than the time required to return the same amount of energy to 
it, assuming that it is desired to maintain the demand from the line as 
nearly constant as possible. In the perfect case the light load period is 
equal to or greater than the overload period. "The use of a flywheel for 
levelling the output demanded of the motor is not generally practicable 
if the time in rolling one pass exceeds about 30 seconds, and in such 
cases the introduction of a heavy flywheel would be open to very serious 
objections, inasmuch as the motor would, after a certain point in the 
pass, have to pull the flywheel round in addition to supplying the power 
required for rolling. This is the case in rolling long bars, rails, etc., 
and here a comparatively light flywhecl is desirable, levelling only the 
smaller peaks and variations in the load, the motor being designed to 
deal with the main peaks without any external assistance. 

In those cases where a heavy flywheel is employed with the object 
of relieving the strain on the motor it is usual to employ an automatic 
device to ensure that the flywheel carries its fair share of the load. 
With direct-current machines the motors are always compounded, but 
to increase further the strength of the field use is made of a separate 
excitation, which increases the field current, so reducing the speed still 
further and obtaining a return of the flywheel energy during the correct 
period.. With alternating equipment a slip regulator is employed auto- 
matically, introducing a resistance in the rotor circuit at times of heavy 
load ; the resulting effect, however, is the same and is independent of 
the electrical characteristics of the installation. As a general rule it 
can be stated that, with a properly designed flywheel, the fluctuations of 
loads are only one-half of what they would be were the flywheel effect 
not utilised. 

The proper place for the буга is, of course, on the highest 
running shaft; but this is not usually feasible, and consequently it is 
generally found that the flywheel is fitted on a motion direct geared to 
the mill, thus preventing the extra strain on the motor and its gears 
Or ropes. 

Flywheel equalisers are occasionally employed to level up the 
demands on the power supply, but these are open to the same 
limitation as the direct use of a flywheel, and necessitate the motor 
being made large enough to deal with the maximum overload. 

Regarding such machines and their uses, I would refer you to Mr. 
Peck's paper on this subject recently read before this Institution. 
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In merchant mills it is an advantage and practically a necessity to be 
able to vary the speed of the mill motor. With a direct-current power 
supply this is a comparatively simple matter, and it is quite easy to 
obtain direct-current motors which are capable of giving their full 
normal output over a wide range of speed, the speed variation being 
obtained by means of ficld regulation only. In such cases the efficiency 
of the motor is to all intents and purposes unaltered by variation in 
speed, but unfortunately the same cannot be said where the source 
of power is alternating-current. As you are well aware, the only 
practical way of reducing the speed of ап alternating-current motor 15 
either by the introduction of resistance into the rotor circuit, or by 
choosing a suitable combination on the number of poles in the stator 
and distributing to stator winding to suit, to run at two or at the most 
three speeds with economy, these spceds being obtained according as 
the windings are connected to give one-half or one-third the normal 
number of pairs of poles. In the first case, speed reduction is obtained 
by means of, usually, a liquid type of controller, and over a very wide 
range, but with serious loss in efficiency (roughly the efficiency of an 
alternating-current slip-ring motor decreases in the same proportion as 
the speed decreases); and in the second case,a special controller group- 
ing the stator windings in a suitable manner will give only two, or at 
the most three speeds, but give them with an efficiency only a few per 
cent. below the maximum. An attempt has been made to overcome 
the difficulty by adopting in cases where a speed reduction is desired 
a device in which the motor shaft carries a three-step rope pulley, and 
the necessary lengthened shaft is supported at its free end by a 
pedestal bearing, the whole being carricd on a base plate mounted 
on slide rails. In the event of a different speed being desired, the 
motor bedplate is slacked back, the ropes changed to the desired group 
of pulleys, and the motor drawn back to tighten up the ropes. In order 
to carry this alteration through in the minimum possible time, a small 
motor is usually fitted to operate the sliding baseplate screws, and 
under such conditions it 1s remarkable what a short space of time is 
required to make a change. In an installation of this character the 
men are accustomed to make the change in some 3 or 4 minutes, this 
time representing the period under normal circumstances and without 
any special effort. Such an arrangement has the disadvantage that 
only certain predetermined speeds are possible for the mill, but 
against this may be set the fact that the motor is working at full 
speed continuously and consequently operating with the best possible 
efficiency, a most desirable condition, 

' The method adopted of transmitting the power from the motor 
to the mill rolls is worthy of careful investigation if the best possible 
results are desired from the change, and the opportunity should ће 
taken to cut out any incfficient and unnecessary gearwhecls, ипссо- 
пописа! drives, etc. Very often local conditions render it impossible 
to adopt that which is evidently the best, but usually some considerable 
economy can be obtained with the introduction of a new form of 
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drive. In the large majority of cases it is impossible to couple 
the motor direct to the mill, and some form of speed reduction is 
essential. In such instances, however, where the motor can be 
direct coupled, it is advisable, with the view of reducing the sudden 
shocks and strains on the motor, to introduce a flexible coupling. Тһе 
extremely favourable results which have been obtained by the intro- 
duction of such a coupling more than justify the cxtra expenses 
incurred, and there is, moreover, no difficulty in obtaining flexible 
couplings which are capable of standing the most severe service met 
with. The slow speed of a mill compared with the size of the motor 
required render it advisable in most cases, on account of capital cost 
and the difficulty in manufacturing slow-spced machines having really 
satisfactory electrical characteristics, to put in a high-speed machine 
and reduce by means of gears or pulleys to the required speed. Коре 
pulleys are often used to obtain this end, and have the same cffect 
as the flexible coupling in the case of the direct-coupled motor. Where 
gears or direct coupling are adopted it is most important that the 
bearings of the motor should be properly designed, and also that the 
bearings of motors used in rolling mill work should be of more massive 
construction than is usual, and thoroughly well lubricated. Мића 
properly proportioned bearing, a babbitted shell with ring lubrication 
is quite satisfactory, but on the larger sizes of motors it is sometimes 
desirable to introduce a proper system of forced lubrication with a 
suitable water-cooling device. 

Owing to the heavy and frequent overloads that the motor must deal 
with, the shaft must be stiffened, and great care must be taken to see 
that the end windings of the motor are properly braced to prevent dis- 
tortion. Where slip-ring motors are employed the rings should be of 
ample section. Occasionally one mects motors where the smallness 
of the rings has a serious effect in very much reducing the overload 
capacity of the motor owing to the smallness of the rotor currents, 
which can be dealt with without excessive sparking and heating at the 
rings. 

A great feature of any electrical equipment is the ease and absolute 
certainty with which the control of the motor is effected. The pro- 
vision of a suitable outfit of recording instrument is to be recommended. 
Such an outfit should consist of a recording ammeter or wattmeter, 
showing the momentary fluctuations in the load on the motor, and an 
integrating wattmeter totalling up the power taken over а certain 
period. By keeping a correct log of these data it is casy to determine 
accurately the cost of rolling cach particular section. A circuit breaker 
should always be provided in the main circuit of the motor, the breaker 
being fitted with overload and no-volt release. The provision of a no- 
volt release is important, as this allows of the fitting of emergency 
switches at each housing or other suitable point, allowing the mill to 
be quickly stopped in case of necessity from any of several points. 
These emergency switches open circuit the no-volt release coil of the 
breaker, thus opening the breaker and cutting off the supply of current 
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from the motor. For starting large motors, from all points of viewa 
liquid controller is to be recommended. Such controllers, as now 
built, are highly satisfactory in operation, and require little or no atten- 
tion beyond an occasional addition of clean water to the liquid. The 
sweetness of the start and the comparatively small floor space occupied 
more than counterbalance this little extra attention required. Large 
controllers of this pattern are usually fitted with cooling coils, the 
consumption of water for this purpose being about 3:3 gallons per 
hour per horse-power dissipated. For the best results the temperature 
of the resistance liquid should be between 60? C, and 8o? C. Occa- 
sionally it is advisable to clean the controller thoroughly and to fill up 
with new solution. 

I have been able to obtain particulars of several conversions which 
have been carried through successfully, and these will be interesting as 
covering mills actually in commercial operation at the present time 
which were originally driven by steam engines. 

Cold Rolling Brass Merchant Mill.—'This mill consists of one set of 
breaking-down rolls, one set of second breaking-down rolls, and two sets 
of finishing rolls. Тһе breaking-down rolls are 20 in. diameter, 30 in. 
long, and all are driven at 6 revs. per minute by a long train of gear- 
wheels. Originally this mill was driven by a single-cylinder horizontal 
non-condensing engine, 28 in. diameter, 4 ft. stroke, and run with a 
boiler pressure of between бо and 80 lbs. per square inch. Thc engine 
was fitted with an ordinary D slide valve and flyball throttle governor. 

The usual size of ingots dealt with in this mill are 3 in. х 1} in. x 7 ft. 
These ingots are rolled down to various gauges, No. 8 being about the 
average and also the usual size. In such a mill as described above, the 
ingot is first rolled into strip ; this strip is then put through the cutting- 
up machine, resulting in pieces of rectangular section, which are then 
passed on to the draw benches to be drawn into ordinary brass wire. 

In this case the motor is a 200-H.P. 25-period 400-volt 3-phase 
240-revolution slip-ring motor, and it is direct geared, by means of 
cast-iron gear, to the mill. Тһе gear ratio is about 4:8 to т, the gears 
being 34-іп. pitch and 12-in. face. 

In this case the motor is fed from the secondary of a 3-рћазе 5,009 
to 400-volt transformer. Мо flywhecl is provided, and consequently 
the overloads are dealt with directly by the motors. In this case the 
sustained overloads render a flywheel useless. Starting of the motor is 
carried out by means of a liquid starter, and an interesting feature is 
the installation of a number of emergency switches which, when used, 
open circuit the no-volt attachment on the primary switch (oil-break 
pattern) supplied. This equipment has proved extremely satisfactory 
in operation, and the ascertained consumption per ton of material dealt 


with have come well within the anticipated results. A feature of this: 


equipment is the great saving of floor space occasioned by the installa- 
tion of a motor in place of the original stcam engine. 

A better example of such saving is seen in the case of a similar mill. 
Here the motor has an output of 250 H.P. at 250 revs. per minute ; it is 
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of the slip-ring type, and in general exactly similar to the above outfit. 
The motor is direct-geared to the mill, and is placed underground, thus 
giving a very large additional flooring space, which, as this mill is in 
the heart of a large city and rather confined for room, is of the greatest 
possible value. This mill has two breaking-down rolls and six 
finishing rolls, as before driven by a train of wheels. Тһе ingots dealt 
with are of brass 1o in. wide, 1 in. thick, and varying from 16 in. to 
I8 in. long. 

The original engine worked with a boiler pressure of about 5o lbs. 
per square inch ; had a single cylinder of 25 in. diameter by 4 ft. stroke, 
and ran at 53 revs. per minute. The engine ran condensing, and it is 
interesting to note that the condenser was much too small for the engine 
at full load. At no load the engine indicated бо B.H.P., the average 
load was 120 B.H.P., and the maximum load 235 B.H.P. 

The mill was designed for and deals with brass and white 
metal ; the average output has been considerably increased since the 
mill was converted. It has been found on the average that breaking 
down то in. X 1 in. X I2 in. brass ingots into strips for wires takes 
86 units per ton. This mill has shown a very large saving over the 
original equipment. 

Iron and Steel Merchant Mill.—A mill rolling a large varicty of 
sections has been in constant use for some three or four years, and 
as the result of the experience gained a second mill was converted to 
the electric drive. The sections of stcel rolled consist principally of— 


Rounds .. ... in. to 24 in. diameter from 4-in. billets. 
Flats за .. Iin.X jin. to 7 in. X гіп. from old rails. 
Squares... .. jin. to 4 in. from 4-ш. billets. 


The steels used аге of varying hardness and range over from 0:'2 to 
ї'2 of carbon. | 

The mill consists of 5 pairs of 12-in. rolls running at 80 revs. per 
minute as a minimum, and is driven through double helical steel gears, 
ratio 1 to 25. In this mill the 5 pairs of rolls practically comprise two 
mills having two gangs of men who work quite independently of one 
another. It thus often happens that several passes are made at the 
same moment, but as the motor is very generously rated no difficulty has 
been experienced through an exceptional load coming on and pulling up 
the motor. The supply in this case is direct current, and the motor 
has a normal output of 200 B.H.P. at from 200 to 450 revs. per minute. 
The machine is fitted with commutating poles, speed variation being 
obtained by the use of a field rheostat. As the rating of the motor is 
extremely liberal, overloads of 100 and 150 per cent. can be carried for 
fairly long periods without sparking or harm to the machine. The 
stcam engine which this motor replaced was a very old beam engine, 
but this fact does not in any way discount the saving which has 
resulted. 
— Since the mill was electrified an increase of output of over 30 per 
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cent. in material rolled and a decrease in the power consumed by 
бо рег cent. used has obtained. These figures have been ascertained 
Бу а careful log over a long period, and are certainly a remarkable 
tribute to the advantage of the electrical drive. Тһе works in which 
these mills are installed have a very large power plant consisting of 
gas and turbine-driven machines, апа consequently the cost of power 
per unit generated is very low. 

Sheet Iron Mill.—A very good exainple of а mill of this pattern is 
being operated by a 350-В.Н.Р. slip-ring motor off a power company's 
supply. The mill has three pairs of housings of the two-high type 
barring, roughing, and finishing rolls, and deals on an average with 
60o-lb. blooms rolled into sheets то ft. x а ft. хот in. The motor 
is designed to run normally at 400 revs. per minute when fed from 
a 3-рћазе qo-period 400-volt supply. It is fitted with rope pulley 
4 ft. 6 in. diameter arranged for twenty-two 14-in. ropes, the outer end 
of the shaft being carried on a pedestal bearing, and the whole carried 
on a bedplate and slide rails. 

The control of the motor is effected by means of a hand-operated 
liquid starter and regulator, the controller being fitted with cooling 
coils as previously mentioned. 

The motor drives by means of the ropes on to a second pulley 
то ft. 6 in. diameter and weighing 14 tons. Тһе shaft of this pulley 
is geared to the mill ratio 1 to 3°75, giving a normal specd of the mill of 
about 45 revs. per minute. "The gears аге 17 in. face 44 in. pitch. 

Steel plates are rolled from billets, and in an actual case 2 billets 
each 3 ft. x 84 in. x 1 in. have been rolled into strips each 8 ft. 3 in. 
X 33 іп. X 0:054 in. in from 120 to 150 seconds. This period covers 
5 ог 6 roughing passes апа 12 to 14 finishing passes. Тһе сопзитр- 
tion of power in this particular mill was 65 units per pair of billets or 
95 units per ton. 

In a second example of work done by the same mill, the billets as 
before being dealt with in pairs, 2 billets each 4 ft. 2 in. X 10 in. X 
IÀ in. were rolled down in 8 or 9 roughing passes and $ to 8 finishing 
passes to sheets cach 8 ft. x 4 ft. x о'ово in. at an energy consumption 
of 7o units per ton (ro units per pair of billets), the time for one 
rolling averaging 170 seconds. 

Since having had experience of the above it has been decided to 
equip electrically a second and larger mill at the same works. 

It is extremely difficult to obtain reliable figures as to the cost of 
rolling the ditterent classes of material. 

For purposes of comparison, however, it is useful to know the 
power consumption for rolling different classes of material and, 
knowing the cost per unit for the local condition, to arrive at some 
definite figure which will be a very close approximation to the actual 
power costs for a certain section. In any comparison of cost of rolling 
under the two methods of driving the only fair method of judging the 
relative merits is by the observation of the costs over a period ; thus, 
in the case of a steam-driven mill including all stand-by losses, 
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oil, waste, stores, and with the clectrically driven mill making full 
allowance for the increased output or a similar output in less time. 

For several of the figures given below I am indebted to the paper 
by Messrs. Koettgen & Ablett before the Iron and Stecl Institute ; 
other figures are given representing the actual ascertained consump- 
tion from certain mills as determined by careful calculation. and 
observation made over a long period. 

Rails and Girders.—Re-rolling go-lb. rails of section 16 lbs. per yard, 
each piece 30 ft. long, required 56 units per piece. Total output of 
mill 4,800 pieces per 12 hours. Small mining rails rolled from billets 
5 in. X 51 in. and weighing from goo Ibs. іп the case of 28 lbs. per 
yard rails to an average of 650 in the case of 18-Ib. rails required as 
follows per ton rolled: 28 lbs., 38 units; 24 lbs., 42 units; 20 lbs., 
45 units; 18 lbs, 48 units. Smaller rails of 12-10. and 8-ІҺ. section 
require from 49 to 54 units per ton rolled. 

Girders t1 in. x 6 in. can be rolled for about 50 units, per ton. 

Channels averaging 14 in. x $ in. x 0'02 in. require 66 units. 

Angles 33 in. х 3} in. x ф in. from 8oo-Ib. billets require 50 units. 

Sheets (iron) 8 ft. 3 in. X 33 in. X 0064 in., 95 units per ton. 


8 9) о » X 48 » X оо8о »» 70 9» » 
10,0, X48, xX 0067 „ 80 ,, 3, 
10 „о, Х 48, Х 0125,, 6o ,, " 


956, X42, X 009 ,, 84 » » 

Breaking down 10 in. X 1 in. X 12 ft. brass ingots into strip about 
No. 8 gauge, 86 units per ton. 

Rounds and squares: 3-in. rounds can be rolled at between 40 and 
36 units per ton. The mill output is between 22 and 5o tons per shift. 
s billet, 28 in. X 44 in. X 44} in. 

3-in. round bars required same power. Output of mill, 46 tons рег 
shift. 

Bars 1-2 in. and 1-7 in. diameter from billets 5 in. square require 
38 and до units per ton. Іп this case the 1-7-in. bars were much 
shorter than the 1-2-іп. bars, and consequently the consumption 
appears high. 

Advantages.—As the torque exerted by the electric motor is main- 
tained absolutelv constant at a predetermined value and is quite 
independent of the momentary position of the motor, it is possible 
to run the mill at a considerably higher speed than formerly, and 
a better product with more uniform finish results. In one instance 
the speed of the mill has been twice increased, and this without 
any difficulty being met with in handling the material. In rolling 
at the increased speed it is found that though the speed is higher 
the rolls run more evenly, and the material coming away at a 
steady вреса is quite easily caught and controlled when leaving 
the rolls. After a short time the men get accustomed to handle 
the product at the higher speed, and if on piecework prefer it, 
as enabling them to earn more money in the shorter time. 

Due to this constant turning effort of a motor as compared with 
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that exerted by a one or two-crank steam or gas engine, the electrically 
operated mills are very free from stalling; this is largely duc to 
the smooth running of the electric equipment ; but when a tendency 
to stall does occur {һе motor slows down, extra energy is obtained 
from the flywheel and from the line, automatically tending to get 
the material through the rolls. 

The ability to run a mill at a higher spced, or at any rate to 
keep a more constant speed on the mill, allows a much greater 
output to be obtained from the mill during the same time as compared 
with the steam-driven mill, as owing to the good speed regulating 
characteristics of the motor the mill will make a greater number 
of revolutions during a shift than the corresponding steam-driven 
mill, consequently a bigger output is obtained for the same period. 
The large overload capacity, which is an inherent feature of all electric 
motors, enables a widely fluctuating load to be dealt with, the speed 
variation under very extreme conditions being decidedly small; this 
results in the mill running much smoother and more quietly. 

An increased output can also be looked for due to the convenient 
and rapid manner in which the mill can be controlled and handled. 

The efficiency of the electrically operated mill as estimated by 
the actual cost of rolling as compared with steam-driven mills is 
beyond dispute. In this connection it should be borne in mind that 
the actual decreased power costs in rolling are not due so much 
to the fact that it is an electric motor doing the work, but that 
the electric motor enables one either to purchase power at low 
rates from one of numerous supply companies who operate in all large 
industrial centres, thus shutting down the wasteful steam boilers and 
local electric plant, or, in the case of a number of mills, to concentrate 
the power plant at one spot, generate in bulk at the lowest possible 
cost, and distribute the power to the exact points required, with an 
economy unapproachable by any other system. Іп these advanced 
days most works have a large electrical plant installed, extensions to 
which do not involve a very large capital expenditure; but in those 
cases where no plant exists or where the plant is small and incapable 
of economical extension, there is no question that the cheapest method 
is to take power from the outside source. 

A very important advantage which follows on the introduction 
of clectricity is the possibility of arriving at very exact figures (not 
approximations) of the actual power consumed under any conditions. 
This information being obtained for cach section rolled, enables a 
very close price for rolling to be determined, which in these days of 
extraordinarily keen compctition is most desirable. From such figures 
also, by careful inspection, it is possible to tell at a glance whether the 
mill is in good working order, or by making alterations and taking 
readings, to sce whether the best possible method of handling the 
material and obtaining the desired result is being adopted. 

The extreme simplicity of the control and the ease with which it is 
possible to make electrical apparatus practically fool-proof, reduces thc 
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labour costs considerably, and this, coupled with the impossibility 
of an electrically driven mill racing, render less frequent the stoppages 
for broken couplings, pinions, and rolls. 

Such troubles are inseparable from a stream-driven mill, and are a 
constant source of annoyance and a big loss, not only due to increased 
upkeep but to time lost by the mill having to stand whilst the repairs 
are carried out. The provision of simple and certain protective devices 
is easily arranged for, which in emergency can be relied upon to operate 
with certainty. 

А very material saving in floor space is certain where a mill is con- 
verted to electricity, and this is a great advantage as it enables the 
space around the mill to be used for the more rapid handling of the 
material required to feed the mill, and for the disposal of the finished 
product. Very often the motor can with advantage be installed below 
the floor level, the onlv gear оп the shop floor being the comparatively 
insignificant control gear. | 

An electrically operated mill has in any case less stand-by losses, 
and in the case of the motor fed from a supply company's main, none 
atall. In comparing the cost of rolling under the two systems (steam 
and electricity) this point is important, as in one case the losses are 
very serious and add largely to the total cost of rolling a certain 
output. 

Where a motor is employed for driving a mill a great advantage 
accrues through being able to start up immediately, and a further 
reduction in cost of rolling is obtained through less labour being 
required to handle the same material. A motor requires only inter- 
mittent attention, and with emergency devices for stopping it is not | 
necessary to have an attendant standing by continually. 

Finally, on the question of capital cost, which, as in all engineering 
problems, has to be considered, speaking generally the actual electrical 
equipment of a rolling mill is at the worst only equal to, and in the 
majority of cases considerably cheaper than the corresponding steam 
equipment. If, however, electrification involves either Ше putting 
down of a generating plant or the extension of an existing plant, then 
there is no question that the electrification of the mill will entail 
the expenditure of a larger sum of money than that involved by putting 
down a new stcam plant, and in such cases one must look in other 
dircctions to justify the conversion. Usually in any works having 
a rolling mill there are a great number of auxiliaries on which the 
existing drive can, with considerable economy, be replaced by one 
introducing the use of a motor, and it is the extra and more cven load 
duc to these motors that will justify the installing of a generating plant 
of capacity sufficient to carry the load on the mill and in addition that 
due to the auxiliaries. It would be impossible to run a plant feeding 
one mill only and generate with economy unless some other load less 
variable is also to be obtained, and consequently in such a case it is 
necessary to consider the broader scheme if any benefit from the 
electrification is desired. Іп the case of the works where a plant 
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is already installed, and a comparatively cheap extension 1s all that is 
necessary, the problem is much simpler, and there is no аси 
in making out an excellent case for the electrification. 

Supply companies in many areas аге a ready source of power 
for such works as have not or cannot justify the installation of their 
own plant, and offer a convenient and easy means to the electrification 
of the mill. Many mills are already in operation under such conditions, 
especially in Glasgow, Birmingham, and the North-East Coast districts, 
and have proved to be entirely reliable, and operate at a much lower 
cost than under their old conditions. In one instance with power at 
0'85 per kilowatt-hour a saving of over £3,000 was made on one year’s 
working, more than paying for the cost of the equipment. Тһе crux 
of the whole question of rolling electrically is whether or not a гса- 
sonably cheap source of power is obtainable either from а private 
generating station or from an outside source, and this obtained 
electrical rolling will be found to be considerably cheaper than 
steam, and the owners of mills and «ће shareholders will have 
reason ultimately to congratulate themselves if they decide to change 
over from the one method to the other. 


DISCUSSION. 


Mr. WILSON HARTNELL: The author points out the convenience of 
driving rolling mills by electricity and the сазе with which electric 
motors may be applied to non-reversing mills, and he gives examples 
of rolls that were at first steam driven but are now electrically driven, 
and of the advantages that have followed. Тһе economies shown аге, 
however, not solely due to the electric drive—some have arisen from 
its substitution in place of steam-gear that was rather antiquated. The 
ropes used are convenient, but involve a loss of about 7$ per cent. т 
power. Cut geared wheels of large size аге now obtainable. At a 
works near Birkenhead for re-rolling steel rails successive sets of rolls 
are driven by electric motors and geared wheels. At the Prescot works 
of the British Insulated and Helsby Cables Company the set of rolls used 
both for aluminium and copper are driven through gearing by electric 
motors. А steam engine must be capable of exerting the maximum 
torque required on the rolls, which involves an expensive outlav. Ап 
electric motor capable of taking 100 per cent. overload for a short 
period is by comparison inexpensive, and the capital outlay to supply 
power is provided at the generating station. The steam engine requires 
а large and expensive flywhecl to assist it to overcome the short over- 
load. The flywheel of the motor, revolving at a much higher speed 
and assisted. by the great overload capacity of the motor, is much 
smaller. The capital to be sunk to drive rolls by electric motors is 
therefore not only much less than that required for a steam plant, but, 
as the rolls are practically idle most of their time, the annval charge 
for interest and depreciation per ton of metal rolled must be much less 
when electric motors are used to do the same work. Steam plant for 
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direct-driving reversing rolling mills is especially costly. As an instance, 
an engine at Shefficld of 8,000 Н.Р. with three cylinders made only a few 
revolutions backward and forward each time an ingot of steel was rolled. 
It was very interesting to see the manipulation of this plant, by electric 
motors, by some one in charge in a gallery. Nobody touched anything; 
the slabs passed backward and forward under the reversing rolls, and 
were occasionally gripped and turned edgeways or passed sideways to 
another part of the rolls, the rolls meantime adjusting themselves, and 
finally the floor rollers were set in motion and brought the bright hot 
slab to the hydraulic shears. We are all agreed as to the advantages of 
electrical driving. If, however, the Sheffield manufacturers were desirous 
of coming on to the Corporation supply, would the authorities be prepared 
to deal with at least 30,000 Н.Р. ? | 

Mr. C. A. ADLETT : I thinkthat Mr. Mylan has rather under-estimated 
the number of rolling mills which are driven electrically on the Continent, 
as I know that one firm alone has installed nearly 200 motors for driving 
non-reversing rolling mills, the aggregate power being nearly 200,000 
Н.Р., and I believe that the total number of non-reversing rolling mills 
on the Continent of Europe which are electrically driven comes to nearly 
400. With regard to the list of firms set out in Table I. which have 
adopted electrical driving, I could add about 10 names of English firms, 
and this goes to show how rapidly the electric driving of rolling mills is 
being adopted. Аз the question of reversing rolling mills has been 
raised in the discussion, I perhaps may be permitted to mention the 
equipment for a large reversing rolling mill which is being built for a 
plant near Middlesbrough. The mill motor will give about 10,000 H.P. 
under normal conditions of operations and is supplied by a flywheel 
converter set, and as this flywhcel serves to neutralise the variations in 
load, the motor which drives the flywheel converter set has a capacity 
of only 1,800 H.P., and under normal conditions will be taking con- 
siderably less power than this from the power house. Тһе question of 
economy has also been mentioned, and with regard to this it is of interest 
to refer to a large electrically driven reversing rolling mill which has 
been recently set to work in Germany. The motor is capable of giving 
10,000 H.P. at 3o revs. per minute, and is, I believe, the largest reversing 
rolling mill motor in the world. I am told that the firm who own this 
mill state that the adoption of the electrical drive in place of the 
previous steam engine has saved them rs. per ton rolled, and has enabled 
the output to be increased зо per cent. 

With reference to the figures given on page 497, I would point out 
that, when the units per ton rclled for a given section are stated, the 
elongation should also be stated, because when the section is rolled 
from a large billet the power taken is naturally more than when it is 
rolled from a small one. Taking, for example, the 1r in. X 6 in. girders 
mentioned, the question might arise whether they have been rolled 
from a 4-ton ingot with a mean section of 19 in. X I9 in., or a bloom 
IO in. X 1011. If Mr. Mylan would add in every case the size of the 
ingot or bloom from which the sections are rolled, it would add very 
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greatly to the value of the figures which he gives. As an example of 
this, I may mention that to roll out a 4-ton ingot measuring 19 in. X 19 in. 
down to a то in. X 10 in. bloom would take 11 ог 12 units per ton, so it 
is a question if this should be added to the 50 units per ton which Mr. 
Mylan gives. Referring to the figures regarding the channels, I take it 
that this should read 14 in. x 310. X o2 11., and not о%02 in., as given on 
page 497. It would also be interesting to know the size of the 8оо-ІБ. 
billets from which the angles were rolled, and also the size of the billets 
for the above-mentioned channels. The same remark applies to the 
figures for the sheets, although I believe this information is given for 
the ro ft. x 48 in. sheets on the previous page. Іп the case of the 9 ft. 
біп. х 42 in. sheets, I think I can recognise this as a figure which comes 
from a paper read by Mr. Кос реп and myself before the Iron and Steel 
Institute, and so I can supply the size of the billets, which were 7'9 in. 
square, weighing 388 Ibs. each. 

Referring to the slip regulator, it is mentioned on page дот that this 
is employed with an alternating equipment, and that the resulting cffect 
is the same and independent of the electrical characteristics of the 
installation. I take it this means that the result is the same as with a 
compound-wound motor, but I should like to point out one very im- 
portant difference ; in both cases the speed of the motor must fall by 
some value up to то per cent. in order that the flywheel effect may be 
beneficially utilised, and while this fall in speed can be attained in the 
compound-wound motor without any loss of power, in the 3-phase 
motor a loss of power is necessarily involved. In the near future, 
however, a method of obviating this difficulty with the 3-phase motor 
may be found. In further reference to the question of the automatic 
slip regulator, I may point out that both with the alternating-current 
motor and with the direct-current motor there are two characteristic 
ways of obtaining the necessary variation in speed to enable the stored 
energy of the flywhcel to be beneficially utilised in neutralising ше 
peas of the load :— 


(a) Permanent slip regulation may be adopted in the case of the 
direct-current motor by providing compound winding, and 
in the case of an alternating-current motor by providing 
resistance in the rotor circuit. 

(b) Automatic slip regulation may be provided in the case of the 
direct-current motor by relays which alter the resistance of 
the shunt ficld, and in the case of the alternating-current 
motor by an arrangement which automatically inserts resist- 
ance in the rotor circuit as the load increases. 


The characteristic features of these two methods are: With the 
permanent slip regulation considerable variations in current about the 
mcan value must take place, because it is the variation in current 
which causes the variation in speed, but the speed variation is not 
very great. Where automatic slip regulation is provided, the current 
always remains at practically constant value, corresponding to the 
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mean value of power required, because the automatic slip regulator, 
when not actually in operation, may be regarded as being in a state of 
balance, and a very small variation in current is sufficient to upset the 
balance and bring it into operation. In this case, however, the varia- 
tions in speed may be very great. It is sometimes stated that the use 
of the automatic slip regulator enables the losses which occur in the 
slip resistance of a 3-phase motor to be reduced, but practical experience 
has shown that no appreciable reduction can be effected. It is also 
mentioned on page 491 that the time taken toextract the energy from the 
flywheel is usually considerably higher than the time required to return 
it. It may perhaps be said in general that the conditions of rolling-mill 
driving are such that the time taken by the pass is considerably shorter 
than the interval between passes in many cases, so that more time is 
available for the flywheelto regain its stored energy ; but I do not think 
it is justifiable to make any general statement that, apart from the соп- 
ditions imposed by the process of rolling, the flywheel requires a longer 
time to regain its stored energy than to give it up. If the time of the 
interval is short compared with the time of the pass, the value of 
the mean power will be relatively high compared with the maximum, 
and so the flywheel does not have to give up much stored energy in 
order to equalise the load on the motor, and during the interval the 
power which the motor is giving is large, so that stored energy is being 
returned at a rapid rate. Оп the other hand, if the time of the interval 
is long compared with the time taken by the pass, the mean value of the 
power will be comparatively small compared with the maximum value, 
so that the flywheel has to give up a larger amount of stored energy іп 
order to equalise the load, and although the motor is working at a lower 
power during the interval, yet the interval will bc sufficiently long for 
thc flywheel to regain its stored energy. When the permanent slip 
resistance is used, it will be found that, if the rate of giving up and 
regaining of stored energy be plotted against the time, logarithm curves 
аге obtained somewhat similar to those of the heating and cooling of an 
electrical machine, but in spite of this it will be found in every case 
that the flywhcel can regain the stored energy in the interval which it 
has had to give up during the pass in order to reduce as far as possible 
the variations in power required from the motor. With reference to 
the question raised on the top of page 494, about the usc of the liquid 
controller for starting large motors, I am entirely in agreement with 
the author as to the desirability of using liquid controllers for starting 
3-phase motors, but if a liquid controller was used with a large direct- 
current motor, I fear that, owing to electrolysis of the plates and of the 
liquid, considerable quantities of oxygen and hydrogen might be 
liberated, which would prove to be dangerous. 

Mr. А. J. CRIDGE: I have been much interested in the paper, and 
trust it will have some effect in extending the use of electricity for 
driving rolling mills in this part of the country. I can add some par- 
ticulars of another mill to the list given by Mr. Mylan. The motor is 
supplied from the Sheffield Corporation's mains, and it is 350 H.P., 
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2,000 volts, 2-phase, 50 periods, running at 400 revs. per minute. The 
motor drives three sets of rolls, two by rope and one by belt transmis- 
sion. А 4-ft. pulley on the motor is belted to a ro-ft. ршеу on the 8-in. 
mill, and a 4 ft. 6 in. pulley is roped to а 14-ft. pulley on the two ro-in. 
mills. I am informed that, roughly, 30 to 40 tons of ingots of various 
sizes pass through the mill daily, with an average consumption of 
1,050 units per day, so that the power used works out at from 25 to 
30 units per ton. Тһе author refers to 50, 84, and 95 units per ton, and 
the figures relating to the mill I have mentioned do not seem to be in 
agreement with those investigated by him. It would be interesting if 
the author gave us some information as to the method of controlling 
the speed of rolling mill motors by cascade connections. Would it not 
be difficult to drive one mill by two motors so connected? Further 
information about the flexible couplings referred to would also ђе of 
value. I notice that Mr. Mylan says rope driving is often used to obtain 
the same end, and I should think, from general considerations, this 
would be the better method. 

Mr. E. S. SAUNDERS: With reference to the figures quoted on 
page 497, stating the units consumed per ton, it appears to me that 
the first line and a half does not quite explain itself, “ Re-rolling go-Ib. 
rails of section 16 lbs. per yard, each piece 30 ft. long, required 56 units 
per piece." I suppose that means 90-10. rails down to a section of 
16 lbs. 15 it 30 ft. of the go lbs., or 30 ft. of the 16-Ъ. rails? If it is 
30 ft. of the 16-Ib. rails, then the 56 units per piece work out at 780 units 
per ton, and if it is go 165. they work out at 140 units per ton, both of 
which are excessive figures. On page 498 the author states that the 
freedom from stalling is largely due to the smooth running of the 
electrical equipment, and that when a tendency to stall does occur 
the motor slows down, extra energy is obtained from the flywheel and 
from the line, automatically tending to get the material through the 
rolls. I do not think this is as plain as it might бе. Thefreedom from 
stalling is really due to the enormous torque which can be obtained in- 
stantaneously from motors. I wish to advocate as far as possible the 
abolition of gear and rope between the motor and the mill. I notice 
that in the table given in the paper there is not a single instance оға 
direct-coupled mill. "There is no real objection to designing a motor 
to run at almost any speed required, and direct driving is the most 
efficient way to drive a mill, and need not necessarily involve extra 
capital cost. Each case requires individual consideration. I quite 
agree with. Mr. Hartnell that 74 per cent. is constantly running to 
waste in cases where a rope drive is adopted, and in my opinion, if 
there is a double reduction gear, there is probably quite 10 per cent. 
running to waste. Оп page 499 the author states that a motor requires 
little attention, and with emergency devices for stopping it is not 
necessary to have an attendant standing by continually. I suppose 
that refers to emergency pushes which are installed in a number of 
accessible positions. I think every one will be aware of a case in 
Sheffield where a steam-driven mill was working which was fitted up 
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lavishly with these emergency devices. Опе day the engine com- M 


menced to gain speed, eventually running away and bursting its fly- 
whecl with disastrous results. Not one single man had the common 
sense to use the emergency stops. Such an occurrence can easily be 
guarded against with electrical drives by means of automatic circuit 
breakers. 

Mr. Т. Н. CHuRTON: The adoption of direct drive or gear drive is 
mainly a question of expense. In the case of driving by gear, whether 
ropes or not, a relatively high-speed motor may be employed, which is 
both more efficient in running and less expensive in capital outlay. 
Against these advantages is to be set the power lost in the gear, but 
this may be entirely balanced by the difference in the relative 
efficiencies of the high- and low-speed motors. With regard to the 
higher capital outlay in the case of the larger motor for direct driving, 
even if. we assume that the efficiency is higher than that of the high- 
specd motor plus the gear, then the question whether this saving will 
or will not pay the interest on the extra capital depends on the price 
paid per unit for the power and on the load factor of the machine. For 
if the work dene by the machine should usually run the motor at full 
load the return might be satisfactory, while under conditions which 
would entail the motor frequently working at relatively light loads, and 
therefore under less favourable conditions, the return might be insuf- 
ficient to justify the extra outlay. As to the efficiency of rope driving, 
Гат inclined to think that the 74 per cent. loss that has been men- 
tioned is higher than it should be for a well-designed drive. With 
regard to 3-phase induction motors for driving rolling mills, I note 
that those mentioned in the paper are all of the wound rotor type, 
whereas in my opinion the machine with the short-circuit rotor is pre- 
eminently suitable for this kind of work wherever its use is permissible 
on the supply system—that is to say, where the heavy starting current 
will not seriously affect the voltage of the supply. I know of motors of 
this type of from 50 to 60 H.P. beiug used for this purpose, connected 
to power companies mains, and giving satisfactory results. 

Mr. H. E. YERBURY : I would like to ask the author why there are 
only three direct-current motor installations and twenty-six polyphase 
Systems mentioned in the table, and also whether there is any special 
reason for this apart from the supply connections. In comparing the 
relative efhciency of steam engines and motors the author has, in my 
opinion, taken instances where inefficient steam plant was installed 
before the change. І notice one case where the average load on the 
engine was 120 B.H.P., and at no load the engine indicated just half, 
viz., бо H.P., which leads one to think that undesirable friction and 
other losses were taking place, and it appears that in all instances very 
low boiler pressure was used. However, the author makes out a very 
good case in favour of motor-driven plant, and I certainly have no 
hesitation in supporting it. 

Мг. W. Е. MyLan (in reply): I appreciate that the paper is open to 
* extensive criticism. Мг. Hartnell referred to tie question of flywheels, 
VoL. 48. 98 
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butthe points he raised have all been dealt with by succeeding speakers. 

As regards electrically operated auxiliary gear, I called attention in my 

paper to the fact that electricity is extensively used in and about a 

roling mill in all modern plants. A large number of cases can be 

cited where such plant has been in operation for ten or fifteen years, 
including several instances in this district. АП these places have 
modernised their plants, using motors whenever they can, aud it is 
very seldom a steam engine is met with in such works except for the 
mill itself. We do not claim that electricity is the “ great save-all," for 
it is not. There are certain cases and conditions where electricity will 
lose moncy instead of making it, and as electrical engineers we ought 
to be the first to recognise this. I am glad Mr. Hartnell called attention 
to the question of auxiliary, because it is so remarkable to see the way 
in which the material is handled round a rolling mill without being 
touched by human hands. А youth stands on a platform with a 
number of motor controllers in front of him, by means of these he can 
move the material in any desired direction about the mill or to the 
next pair of rolls. Опе of the particular features of a steel works 
equipped in such a manner is the very small amount of manual labour 
that is required compared with the older and more cumbersome 
methods. Mr. Hartnell also referred to the rope drive. I quite agree 
that an array of ropes as viewed from the engine house is very imposing, 
but these ropes mean a lot of money. There are, however, times when 
the rope drive is the most suitable arrangement you can adopt. 

I was pleased to hear Mr. Jones's remarks, as he has had actual 
experience in rolling mills, and is also among the few who have 
adopted direct-current motors for the mills. In his particular case 
they have been remarkably free from trouble. They have two mills at 
the present time in operation, the latter having been equipped as a 
result of the satisfactory operation of the first installation. I quite 
agree with him that we have not proceeded in this direction to the 
same extent as they have in Germany. The people of this country are 
new to the business, and are not likely to enter into any extensive 
alterations in general practice without considerable thought. Revers- 
ing mills have been mentioned, but this is a subject which requires 
separate treatment, for what is good with regard to non-reversing mills 
does not necessarily apply to reversing mills, and unfortunately we 
have only a few examples to refer you to. The whole question of 
units consumed per ton rolled is undoubtedly determined, as Mr. 
Ablett says, by the size and nature of the ingot at the commencement 
of rolling and the total elongation required. With an ingot of small 
section the cost per ton is lower than with one of greater section, 
becausc a lower degree of clongation is required to obtain the заше 
section in the finished product. I am afraid I was somewhat misleading 
in my remarks on the subject of the slip regulator. What I really 
intended to point out was that energy is obtained from the flywheel in 
both cases irrespective of the method adopted to get it. Mr. Ablett 15 
quite right in pointing. out that ап alternating-current motor lias а 
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lower efficiency than а direct-current motor when varied in speed 
below the normal, and it will be noticed that I specially mentioned that 
fact in the paper. The efficiency of an alternating-current motor is 
decreased practically in proportion to the decrease in speed when the 
regulation of the motor is attained by the introduction of resistances in 
the rotor circuit. With regard to the question of taking outand return 
of energy from the flywhecl, the time required to return the energy to 
the flywheel is determined either by the maximum demand which can 
be made on the line or the maximum load which the motor will stand. 
There has been comparatively small progress made in regard to motors 
connected in cascade in this country. I know one instance where 
these motors are being used in connection with a small winder. For 
ordinary purposes the motors run in parallel. Whenitis desired to run 
at halt-speed the rotor of No. 1 machine is coupled to the stator of No. 2. 
The efficiency of such an equipment at half specd and load is only 1 or 2 
per cent. less than the normal full-load full-speed efficiency. I expect to 
see a large number of such combinations installed in the near future. It 
is possible to run at full load and full specd, or half load and half speed, 
with a high efficiency and comparatively good power factor. With 
regard to Mr. Заппдег 5 remarks on the question of re-rolling rails, the 
matter оп page 497 on this subject should read, “ Re-rolling 90-1Ъ. rails 
to a section of 16 Ibs. per yard, each piece 30 ft. long." It should also 
read “56 units per fon.” I quite agree that the absence of stalling is 
due to the fact that a motor has in itself a very large capacity for over- 
load, and it is the combination of this with the smooth running of the 
equipment that gives freedom from stalling. Оп the question of 
direct-coupled motors, as mentioned by Mr. Saunders and Mr. 
Churton, it is not entirely a question of capital expenditure. Under 
certain conditions it is practically impossible for the manufacturer at 


present to build a satisfactory slow-speed alternating-current motor, 


the large number of poles which have to be put in necessitating a very 
large diameter. With a large diameter, if a machine is wanted which is 
not far too big for the output, or, in other words, very inefficient on 
normal load, naturally a very narrow machine is made. А machine 
of this type even then has a low efhciency and a very bad power 
factor, and under these circumstances it is far better to sacrifice a 
small proportion of the efficiency of a high-speed motor by gearing it 
down than to use a slow-speed motor with a low power factor, thus 
obtaining still lower efficiency by introducing extra losses in the line. 
Whilst there are cases of motors with high power factors under normal 
circumstances, manufacturers have not introduced a motor of slow 
speed having a really good power factor and efficiency. That is a 
scrious objection, not only from the point of view of those firms that 
have their own power station, but from the point of view of the public 
supply company. In Sheffield the supply authorities refuse to allow a 
motor whose power factor is below their standard to be connected at 
all. There was a case in point recently. It was not a very slow-speed 
motor, but it was direct coupled, and there was great dithculty in 
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obtaining a motor with the power factor required by the Sheffield 
Corporation. I might say that they stipulate 80 per cent. or more оп 
full load. In this particular instance the speed was about 200, and 
the horse-power about 7o. Even at this comparatively high speed 
it was impossible to get the manufacturer to absolutely guarantee that 
it would give a power factor approaching 80 per cent. I believe the 
motor put in has not 80 per cent. power factor, but it was finally 
agreed to accept it, owing to the impossibility of procuring such a 
machine. This is an illustration of the great objection there is to 
slow-speed alternating-current motors. In the case of direct-current 
motors this objection does not hold good. If the price is immaterial 
one can get a motor of any speed you like, and with good electric and 
mechanical characteristics. In reply to Mr. Churton the whole ques- 
tion of direct-connected motors is a financial one, and the interest on 
the extra capital expense of the equipment must be balanced against 
the increased loss іп efficiency which may occur. With regard to 
the use of short-circuit rotor machines, if Mr. Churton will give us a 
short-circuit rotor machine of large size which will start up against 
full load or rather more, while drawing only a reasonable current from 
the line, I shall be very pleased to sell them and watch them operate. 
Тће difficulty is іп getting such motors of large horse-power to start 
up witli less than twice full-load current on load. 

With regard to Mr. Churton's remarks, I am sorry I cannot give 
you any definite information regarding the maximum size of short- 
circuit rotor machines in use, but I do know there are a large number 
of instances where such machines have been installed. 

The subject of waste heat referred to is one which is attracting 
attention in many quarters, especially at Newcastle. It is rightly held 
that waste steam is monev, and there is no district at the present 


time where this subject is being so closely watched as at Newcastle. 


Plants are in operation to a remarkable extent, utilising blast furnace 
gas or steam, which is supplied from boilers fed with furnace gas. In 
isolated plants the question whether the manufacturer should dis- 
regard the waste steam and take his current from the public supply 
has really no general answer, and each case must be considered on its 
own merits. The diversity factor is also difficult to give, because some 
mills are in a position to work several shifts a day and others only one 
shift, and some again are only working on and off, being entirely 
dependent on the trade conditions, and it is the latter point on which 
the diversity factor is dependent. Mr. Yerbury called attention to the 
large number of alternating-current motors which are used. That 15 
to a certain extent due to the load conditions, and it must be remem- 
bered that in the majority of cases the power plant was in before the 
application of the power to the rolls, and alternating current was the 
main source of supply, and even now the majority of the supply conr 
panies selling current in bulk give an alternating-current supply. 
These two conditions account for the predominance of alternating: 
current motors, 


— 
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INTERPOLE DESIGNS. 


By W. B. HIRD, Member. 


(Paper received from Ше GLasGow LocaL SECTION, April 19, and read 
а! Glasgow оп May 11, 1909.) 


The history of the use of interpoles in continuous-current dynamos 
and motors is a remarkable one, inasmuch as the device, although 
known for many years, has been put to no practical use until com- 
paratively recently, and inasmuch as even now, when interpoles are 
becoming more and more common, such extended use is still meeting 
with considerable opposition from a number of designers, who would 
very strictly limit the field of usefulness of interpoles to special 
machines only, and would totally exclude them from use in machines 
for ordinary outputs at normal speeds. Considered from the point of 
view of interpoles ог no interpoles, continuous-current designs fall into 
two distinct classes :— 


I. Designs where the conditions are such that no satisfactory 
solution is possible without forced commutation of some kind. 

2. Designs where the given conditions allow of a satisfactory 
solution without any special commutating devices. 


In the first class fall generators and motors running at abnormally 
high speeds, e.g., generators direct coupled to steam turbines or motors 
driving the modern type of high-lift turbine pumps. Also motors in 
which a high range of speed variation Ьу means of shunt regulation is 
required. In both these cases the reactance voltage of the short- 
circuited coil becomes so high that commutation cannot be satisfactorily 
carried out without some special device. Broadly speaking, the reactance 
voltage of an armature is increased by increasing the length of the 
armature core relatively to its diameter, and also by decreasing the total 
magnetic flux of the machine. 

In the case of high-speed machines the necessity for keeping down 
the peripheral speed requires a comparatively small diameter and 
correspondingly increased length, and therefore a high reactance 
voltage. In the case of variable-speed motors, the fact that the high 
speeds are obtained by reducing the total flux of the machine causes 
the high reactance voltage, and thus introduces difficulties in the 
design. In machines of the first class—i.e., where the conditions are 
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such as to make satisfactory commutation impossible or very difficult 
of attainment by means of designs on ordinary lines—the use of 
commutating poles has been found to very satisfactorily solve the 
difficulty. It is possible by the use of interpoles to work with values 
of the reactance voltage five or six times as great as would be admissible 
in an ordinary machine, and with careful design the results are entirely 
satisfactory. 

In all the many papers and discussions dealing with interpoles there 
has been no great difference of opinion as to the advantages of the 
device for machines of this class. Although some designers prefer 
the use of a compensating winding spread over the main pole-face 
to the use of interpoles in high-speed generators, there has been a very 
general consensus of opinion that, for machines where forced com- 
mutation is necessary, the use of interpoles satisfactorily solves the 
problem. А very different state of matters exists, however, on the 
question as to whether the use of interpoles is legitimate in the case oí 
those machines which can be satisfactorily designed without using any 
special commutating device. 

Тће discussions which have taken place on this subject have been 
full of warnings as to the danger of introducing interpoles into general 
design merely because they were useful in special cases, and very 
strong and determined attempts have been made to restrict the use 
of interpoles to these special cases, the utmost concession made being 
that in certain cases they might be found useful in even comparatively 
small machines at ordinary speeds in order to obtain a specitied output 
which happened not to fit readily into any one of a manufacturer's 
standard sizes. 

Reference to the discussion on papers read within the last two or 
three years and to the technical press will show such an array of well. 
known names more or less strongly expressing these views as to render 
specific quotations unnecessary. 

In spite of all these warnings from high quarters, the use of inter- 
poles in normal designs—that is, in machines running at moderate 
spceds and of ordinary output—has been increasing and is becoming 
more and more frequent. It is also becoming more and more usual to 
find interpole machines specified by users who have had experience 
of them and prefer them to ordinary machines. This has been very 
generally described as merely an ill-considered and foolish following 
after fashion, but the continued trend to an increased use of interpoles 
in comparatively small machines appears to indicate that there is 
more in it than a mere fashionable whim, and it is to the use of 
interpoles in machines of comparatively small outputs and at ordinary 
speeds that I wish chiefly to direct your attention and invite discussion 
to-night. 

Before proceeding to this, however, I will describe a simple method 
of arriving at the dimensions and windings of Ше interpoles. Тһе 
literature on this subject is already of considerable bulk, but as the 
question of interpoles has not yet been brought before the Glasgow 
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Local Section of the Institution, I will make no apology for briefly 
referring to it. 

The principle of all interpole designs is to provide a small auxiliary 
pole between two main poles, in such a position and so proportioned 
that it will provide just such a field as is suitable for counteracting the 
reactance voltage of the short-circuited coil under the brush. Тһе 
interpole is always series wound, and its winding carries the whole or 
a fixed proportion of the armature current ; thus, so long as the iron is 
not saturated, the field strength under the interpole is always propor- 
tional to the armature current, so that if the design has been correctly 
worked out to give good commutation, say at full load, the same 
relation will hold between field strength and the armature current to 
be reversed at any other load, and the machine will work sparklessly 
without change of brush position at any load, the only limit being the 
saturation of the iron core of the interpole. That is, the machine will 
carry sparklessly and without change of brush position any overload up 
to the point where the increased amperc-turns ‘on the interpole cause 
{һе iron to approach saturation. 

One of the simplest formulz for calculating the reactance voltage 
is that published by Mr. Mavor in a paper read at the International 
Engineering Congress іп 19071 ; in this paper was also published the 
method of dealing with costs shown in Figs. г and 2. In a slightly 
modified form this formula is— 


| ecfmml 
T pn ? 


p ìs the reactance voltage, 

e the E.M.F. generated in the armature, 

€ the armature current, 
т the number of turns in one section, 

1 {һе gross length of armature core, 

p the number of poles, 

n the number of magnetic lines per pole, 

f the number of lines per unit length of core due to г ampere 

flowing in one turn of the short-circuited coil. 


The value of f varies to some extent with the size of slot, the relative 
length of conductor in the slot, and in the end winding, сіс., but for 
ordinary machines it docs not materially differ from 20 lines per inch 
length of core. 

The value of the reactance voltage given by the formula is the 
maximum value, and on the assumption that the current in the 
short-circuited coil varies as a sine curve the mean value will be 


2 р, say 0'036 р, and to obtain good commutation it is necessary that 


a ficld be provided under the interpole such as to generate a voltage in 
the short-circuited coil equal to 07636 p. 
The number of turns in the coil is т, апа if R be the number of 
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revolutions per minute of the armature, D the diameter of the armature, 
and Х the length of the interpole measured parallel to the shaft, thc 
E.M.F. generated in a magnetic field of density B will be— 


m x eD& x Ax Bi 


by hypothesis, this must be equal to 0:636 p. 


R = ecmfl 

mr D gg xXx В = 0636 Т 
p? = 0:636 ne 
1 R 
pnrD с 


If the interpole shoe is made of the same length as the armature соге 
Х = I, and the formula gives directly the value of B required іп 


the interpole gap. It is usual, however, to make А less than / when- 
ever possible, the advantages being to lessen the leakage between 
interpole and main pole and also to minimise as much as possible the 
interference with the freedom of ventilation which an interpole ex- 
tending over the whole length of core would produce. It should also 
be noticed that by decreasing the ratio ; the value of B in the inter- 
pole air-gap is increased. If a very low value of В is used, there is no 
doubt that the reactance voltage of the short-circuited coil is increased 
by the presence of the iron pole-shoe, which decreases the reluctance 
of the magnetic path for lines surrounding the short-circuited coil. 

If, however, the value of B is fairly high, this effect is much 
reduced, and {Бе reluctance of the path and consequently the value 
of the reactance voltage is not appreciably affected by the presence 
of the interpolc. 

Тһе width of the interpole shoe is not involved in the formula 
given above; it is determined by the consideration that if the coil 
undergoing rcversal is in the interpole field for too short a proportion 
of the time of short circuit the reversal will not be properly carried 
out, whilst, on the other hand, the very considerable leakage which 
takes place between the interpole and the neighbouring main pole of 
opposite polarity make it advisable to keep the width as small as 
possible, so as to leave the actual distance from pole-shoe to pole- 
shoe as large as practicable. Various recommendations have been 
made as to the width of the interpole shoe by different writers. A 
width equal to one slot-pitch plus one tooth-width, calculated so 
that the coil shall be under the interpole during the whole time of 
commutation, and several much more elaborate formulz have becn 
published. 

It would appear, however, in practice, at any rate in the case 
of machines where the reactance voltage can be kept down to 
reasonable limits, that considerable latitude is possible in the choice 
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of a pole-width, and from the point of view of leakage the narrower 
the better. 

The number of ampere-turns required on the interpole will consist 
first of a number of ampere-turns equal to the armature ampere-turns 
per pole. Since the interpoles are placed immediately over the 
brush—i.e., оп the axis of commutation—the whole of the armature 
ampere-turns act immediately in opposition to the interpole winding, 
and thus sufficient ampere-turns must be provided to neutralise the 
armature ampere-turns in addition to those required to give the 
requisite value of B in the air-gap. From this it will be seen that 
the number of ampere-turns required on an interpole are consider- 
able. Аза matter of fact, they arc frequently in excess of the number 
required on the main poles. The fact, however, that the interpole can 
usually be made of small sections, so as to keep the mean turn of the 
winding short, enables this number of ampere-turns to be obtained 
with only a relatively small expenditure of copper. 

The number of interpoles may be made less than the number of 
main poles. А 4-pole machine, for instance, may have only two 
interpoles. The field strength of each interpole must, in this case, 
be calculated to give twice the voltage which would be required if four 
were used, and a certain want of symmetry is introduced by such an 
arrangement of poles which has been found in practice to be detri- 
mental to obtaining the best results, and although this arrangement 
of using a number of interpoles less than the main poles gives good 
results on small machines—say, 20-Н.Р. motors, іп which the reactance 
voltage is not excessive—it has not been found satisfactory in machines 
of any considerable size. 

To return to the question of using interpoles in the design of 
dynamos and motors of comparatively small sizes and working at 
ordinary speeds—that is, in cases where a good workable design can 
be obtained on ordinary lines—in order to justify this use of interpoles 
it must be shown that such a machine can by the use of interpoles 
be made either better or cheaper than could be done on ordinary lines 
of design. 

To take first the question of cost. Since the material and labour 
expended on the interpoles make up, especially in a small machine, a 
not inconsiderable proportion of the total cost, a corresponding saving 
must be found in the other parts of the machine, due to the fact that 
the reactance voltage may be considerably increased without spoiling 
the commutation. Тһе directions in which such a saving may be 
looked for are well known. They are the use of a reduced depth of 
air-gap, allowing of smaller magnets carrying less copper, reduced 
number of commutator parts, saving both labour and material in the 
commutator, and lastly, the possibility of working with a greater length 
of armature core relatively to the diameter. 

The possibility of saving a considerable amount on the cost of any 
given machine by the latter means does not appear, up to the present, 
to have been fully taken advantage of. It 1s well known that in pre- 
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sent practice the length and diameter are not chosen so as to give the 
machine most economical in first cost, and that greater relative length 
would almost invariably conduce to a lower cost price. If we consider 
a dynamo as consisting of two ends, the parts of the machine outside 
the two parallel planes which pass through the ends of the armature 
core, and of an active part included between these planes, and then 
vary the core length—i.e., the active part—leaving everything else as 
before, and plot the cost of manufacture of different machines so 
obtained against core length, the points should be very approxi- 
mately on a straight line, for cvery addition of, say, I in. in core 
length will mean an equal addition of material and of labour. The 


Cost Price -.£- 


curve will remain a straight line with increasing lengths until a point 
is reached where the increased distance betwcen bearings requires 
that the mechanical parts of the machine the shaft and bearings be 
strengthened, when a slight addition in cost will result. 

The curves in Fig. 1 illustrate this, and show for the different 
diameters the way in which the cost may be expected to vary with 
the length of core. In Fig. 2 the same curves are plotted, but this 
time with d7J instead of length as base line, and if it be assumed for 

watts 
revs. per min.' 
tional to d*/, the points where these lines cross show the different 
lengths at which it is advantageous, from the point of view of 
economy in first cost, to pass from one diameter to the next larger 


the moment that the output of the machine, ‚15 propor- 
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diameter. The question of cost is acknowledgedly a difficult one to 
deal with in a general way, because costs are affected by so many 
local and other considerations unconnected with the design. It is 
believed, however, that these curves are fairly in accordance with 
ordinary present practice; they show only relative costs for the dif- 
ferent diameters. Тһе actual scale of cost price can be filled in for апу 
individual line of machines, but the actual cost is unimportant for the 
present purpose ; it is the relative cost of different lengths only which 
is of moment. The curves indicate that the economical lengths for 
the different diameters dealt with are considerably in excess of those 


usually met with. Thus thc value of d?l, at which it becomes as 
cheap to make a 15-1п. as 12-in. machine, is about 3,500, correspond- 


ing to a length for the 12-in. machine of LET in., and the point 
where the 15-іп. and 18-in. curves cross corresponds to d?/ = 5,800, ОГ 


5,800 
(15) 
be emphasised is that in any line of machines being manufactured such 
а series of curves, plotted with the actual figures obtained by expe- 
rience, will show the most economical length of armature core for any 
given diameter, and it is believed that in the vast majority of cases they 
would show that the economical length is much greater than any at 
present in use. 


a length for 15-in. machine of ше 26 іп. Іп апу case, the point to 
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The statement, however, is true only on the assumption that the 
output increases proportionately to the length. In ordinary designs 
this assumption fails at once, because the increased length leads long 
before the economical length is reached to impossibly high reactance 
voltage ; but if interpoles are used this sparking limit is removed so as 
to allow of, at any rate, a nearer approach to this economical length. 

The question then arises as to whether the heating limit of output 
will not prevent the output of the machine being increased proportion- 
ately to its length. There is no doubt that a long armature core 
dissipates the heat generated less readily than a shorter one, and when 
the length becomes so great as to require increased diameter of shaft, 
stronger spider, etc., the increased impediment to the circulation of air 
in the inside of the core makes the increased temperature rise more 
marked. When this limit to output is reached it would appear that 
some method of forced ventilation compelling the air to come in 
contact with the heated surfaces might be devised to remove this limit 
to output also. 

Forced ventilation has been repeatedly adopted in special cases for 
many years, and the possibility of а more general use of it whenever 
the heating limit of output was reached has been proposed on several 
Occasions. | 

Doubtless there is not at present in use any system of forced 
ventilation at once sufficiently reliable and sufficiently cheap to meet 
the requirements of the case. Something more is wanted than merely 
stirring the air with fan blades—a definite circulation along a pre- 
determined path is required ; but if it be true that forced ventilation is 
the necessary consequence of forced commutation it may be confidently 
anticipated that such a system will be forthcoming. 

It is true that in the past forced ventilation together with forced 
commutation has been generally looked upon with suspicion. 

There is no doubt that the use of forced ventilation of a simple 
form—e.g., by fixing fan-blades under the spider—and the use of forced 
commutation by interpoles has in many cases been adopted as an after- 
thought when a machine failed to come up to expectations on test, and 
perhaps from this fact has arisen a feeling that such devices were not 
legitimate and that their use in machines of normal output are a 
confession of failure to obtain a suitable design on ordinary lines. The 
contention here is that far from being a confession of weakness, such 
devices are an added strength in enabling a larger output to be 
obtained from a cheaper machine. Forced ventilation is used on 
transformers, why not in dynamos and motors? ЈЕ interpoles are 
useful in enabling a machine to commutate in spite of a high reactance 
voltage when the conditions as to speed or output are abnormal, why 
should they not be used to obtain a normal output out of a smaller 
machine than would otherwise be possible ? 

The fact that interpole designs for normal outputs are becoming 
more and more common seems to show that the manufacturers using 
them find that they cheapen the cost of manufacture, and this, in spite 
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of the fact that although the advantage to be gained by increased 
armature length is clearly recognised, no very striking departure has 
been made in the manufacture of machines with long armatures. 
Present interpole designs rely mostly on the saving to be obtained by 
the use of reduced air-gaps and smaller commutators with fewer parts, 
and find an advantage in their use even without taking full advantage 
of the increased lengths made possible by the use of interpoles. The 
reason is no doubt that the heating limit of output has been reached by 
them, but the fact that even then the use of interpoles is advantageous 
scems to indicate that if more ventilation can be obtained so as to 
further remove the heating limit of output, still greater advantage will 
be derived from the use of interpoles by making longer armatures. 
The possible output of a machine as limited by sparking having been 
increased by forced commutation, it is to be expected that heating 
should now be found the limiting condition, and the logical conclusion 
appears to be that the next step is to devise improvements in the 
methods of getting rid of the heat, so that full advantage may be taken 
of the increased freedom which the interpoles give from sparking 
limit. 

There is further to be considered the question as to whether a 
machine for ordinary outputs will be improved or the reverse by the 
introduction of interpoles and by the modifications of design which 
such a use of interpoles involves. Electrically if good results are 
obtained in the case of machines such as turbo-generators which 
necessarily have a very high reactance voltage, there does not appear 
to be a good reason why equally good results should not be obtained 
on machines of normal output. The general experience of such 
machines now in usc has been, on the whole, eminently satisfactory. 

In designs on ordinary lines there is a great temptation from 
economical reasons to press up the reactance voltage to the highest 
limit which is considered safe, and to work with the lowest possible 
factor of safety. Thus it is not an uncommon experience to find 
modern generators working perfectly satisfactorily under ordinary 
circumstances, but having a reactance voltage so nearly up to the 
highest safe value that if the brushes are not in exactly the best 
position, or if the commutator has been allowed to get at all out of 
condition, they will flash over from brush to brush if the load be 
suddenly thrown off. Cases of that kind appear to be entirely 
removed by the use of interpoles, and there seems every reason to 
believe that an extended use of this method of construction would lead 
to better, not to worse, machines, as far as commutation is concerned. 
It may be true that there is some fear that mechanical troubles may 
arise with machines in which the air-gap is smaller, and the length 
between bearings greater than present practice. It should, however, 
be noted that suggested lengths of air-gap for interpole machines are 
still much greater than the very small gaps to be found in induction 
motors in which the mechanical difficulties have been successfully 
overcome, and also that the maximum lengths suggested still give a 
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ratio of length to diameter much smaller than those commonly in use 
in the days of bipolar smooth-core machines. In view of these facts, 
it does not seem that mechanical difficulties need necessarily stand in 
the way of much longer armatures than we are at present used to with 
smaller radial depths of air-gap. 

On the score of efficiency it may be contended that increasing the 
losses to such an extent as to require forced ventilation will lower the 
efficiency of the machine. But the increased losses correspond to a 
more than proportionately increased output and therefore to a better 
efficiency. 

To take the case of proposed increased armature length. The 
losses which occur along the armature are iron losses, С“К loss in that 
part of the conductors lying in the slots and windage, will be increased 
proportionably to the length, but the losses occurring in the ends of 
the machine, end windings, commutator, etc., will remain unaltered. 
The losses will therefore increase less rapidly than the length, and if an 
output proportional to the length can be obtained, the efficiency will 
be increased, and a margin left for the power required to circulate the 
air without lowering the efficiency from its former value. 

Whilst it is admitted that the details of design frequently disclose 
unexpected difficulties such as to vitiate arguments based on general 
considerations only, it is submitted that the logical consequence of the 
use of forced commutation as it is actually at present employed appears 
to be a still further increase in armature lengths which may necessitate 
the introduction of forced ventilation, and that in this direction appears 
to be the means more immediately at hand of progressing towards the 
smallest and cheapest satisfactory machine for a given output. _ 


DISCUSSION, 


Мг. W. W. Lackig (Chairman): My first experience of interpole 
machines was not very happy. Тһе characteristic of interpole 
machines is different from that of ordinary shunt-wound machines, and 
approaches to that of a compound machine. The result was that when 
we ran ordinary shunt-wound machines in parallel with a dynamo with 
interpoles, and overloaded them, the interpole machine endeavoured to 
do all the work, and thus sent a reverse current through the shunt- 
wound machines, operating the reverse-current cut-outs. Several 
methods of overcoming this difficulty have been suggested, one being 
to insert a resistance between the interpole machine and the switch- 
board so as to cause a drop in pressure when a heavy load is on. The 
method now usually adopted is to put one or two reverse series wind- 
ings on the field of the machine. "The other trouble with interpole 
machines is that if the brushes are moved or happen to be beyond 
the zone of the interpole the difference of potential per segment of the 
commutator is high, and flashing over takes place. On page 516 of the 
paper Mr. Hird refers to the question of forced ventilation, but I think 
it has been found that fixing fan blades under the spider is not always 
as economical as installing a separate fan. И the design is of a proper 
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size to meet the output, simply fixing fan blades under the spider 
very frequently gives an incfficient fan. 

Mr. H. A. MavoR: It is from people like Mr. Lackie that we 
manufacturers have to learn our business, and the points that he has 
raised are of very great importance in this most interesting subject. I 
resisted for a long time the suggestion of interpoles, because I looked 
upon this method from the point of view described by Mr. Hird, as 
a means for getting rid of troubles which should not be there. That 
was true in earlier days when the design of the machine was less 
understood, when no one ever thought of reactance voltage and the 
whole subject was wrapped in mystery, the real principle of design 
as now understood not having then been evolved, and therefore in 
considering the principle of interpoles we are in a somewhat different 
position from that of twenty-five years ago. И was about that time 
that Professor Ryan, of Bristol, first suggested a special wound projec- 
tion for the purpose of reversing the current in the coil under the 
commutator. lt is very remarkable that this invention should have 
been found useless and remained dormant for many years before being 
revived, and now be considered absolutely essential. I don't think 
we need yet be quite sure that it would not be better to increase 
the diameter of the machine, possibly using a less expensive material, 
and to force the output up by keeping the reactance down in that way 
rather than to kcep the diameter down and put in interpoles for the 
use of high reactance voltage. Тһе difficulty that Mr. Lackie has 
described would not arise in a machine of large diameter, but we ace 
face to face with the difficulty that machines of large diameter are 
quite unsuited for use with steam turbines, and such a device must 
be used if these machines are to be run in parallel. 


Mr. W. MCWHIRTER: It is very interesting to the older members М 


of the Institution to look back, as Mr. Mavor said, to the state of know- 
ledge twenty-five years ago. Before we had the very splendid paper 
from Dr. Hopkinson we were very much in the dark regarding 
dynamo design. I think, as a matter of fact, it may be freely admitted 
we knew almost nothing regarding the work on which we were then 
engaged. It was at that time the usual practice to find some machine 
that gave fairly good results, and to keep as near to that as possible in 
future machines. Some short time ago we considered the question of 
the increase of output and decrease of the sparking troubles that used 
to be always present, and some of you will remember that owing to 
the use of carbon brushes it was then considered that we had about 
reached the limit of anything that might be expected ; in fact, some of 
the speakers went so far as to say that carbon brushes had made such a 
change that the sparking limit was done away with entirely, and only 
the heating limit remained, and this is exactly the position given in 
Mr. Hird's paper. He increases his output by the use of commutating 
poles and suggests the use of a fan to get rid of the heating limit. No 
doubt this is а very important subject, and if the cost is kept down by the 
use of interpoles, the other advantages are great and lead to the entire 
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absence of sparking. On page 511 Mr. Hird gives a formula for calcu- 
lating the reactance voltage. Now, as an outsider and not а mathe- 
matician, I would appeal to Mr. Hird and Mr. Mavor to try and arrange, 
if possible, to use such symbols that we have not to get up new nota- 
tions in order to follow their calculations. Mr. Hird, like other writers, 
does not even stick to one set of symbols, but is evidently quite out of 
sympathy with his less learned brethren, and I would strongly appeal 
to him and to other writers that surely the time has arrived when some 
standardisation might be carried out regarding symbols for everyday 
usc. Referring to his formula, Mr. Hird says : “ For ordinary machines 
it does not materially differ from twenty lines per inch length of core." 
I have been wondering what the author means by the length of core. 
I would look upon the length of the core as being the length in the 
direction of the flux, but I must be wrong. Perhaps Mr. Hird will tell 
us what he means. I think he must mean the length parallel to the 
spindle. [Mr. Hirp: That is quite right.] The curves on page 514 
are very interesting and look beautifully symmetrical, but Г am afraid 
there has been a good deal of what we might call cooking about this. 
My firm have never had any trouble with interpole machines, but the 
same remark might also be made regarding machines gencrally since 
the introduction of carbon brushes. It is very rarely that machines 
give any trouble through sparking when they are kept in good order. 
A short time ago I had occasion to test a dynamo of about 80 k.w., and 
after running five hours at full load we increased the output until it was 
50 per cent. overload, and during the whole of the test there was entire 
absence of sparking, although there were no interpoles, and I am certain 
the adoption of interpoles could not have improved the work of this 
machine іп the slightest degree. 

Mr. J. S. NICHOLSON: If, as Mr. Hird says, the output of the 
machine is limited by heating, then it would be better to try and 
eliminate the heating, instead of putting a fan to carry off the 
heat. The way in which designers or manufacturers should work is 
to get a better class of material for the armature core. A great deal 
has already been done in that direction by steel manufacturers, and 
I think this is the proper way to work. With better iron it is possible 
to get much less heating in the armature. 

Mr. CAMPBELL MCMILLAN: Mr. Mavor has spoken of Mr. Hird's 
association with him in the design of electrical machines, and I once 
had the privilege of being his subordinate and his understudy and 
of using his methods for some time, but I have departed a good deal 
from the habits of that time. Since leaving the design in the 
machinery such as Mr. Hird has referred to, I have had occasion to 
look a little closer into the costs of machines of various types, such as 
large induction motors up to 6,000 H.P., and to attempt to deduce 
from the dimensions and details some empirical laws or formule tor 
obtaining costs, and one of the points which appeals to me is contained 
in the paragraph which says, “Іп this direction appears to be the 
means more immediately at hand of progressing towards the smallest 
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and cheapest satisfactory machine for а given output." Тһе fact that 
must be looked closely into is the size of the machines dealt with. 
Below a certain size of machine it will not pay to use such refinements 
as extra forced ventilation. When supplying large machines it may 
obviously be quite a minor matter to add the necessary plant to pro- 
duce efficient forced ventilation. What I want to point out is that 
if the curves applied to a size of machine which could be ventilated 
artihcially, then the point would be completely carried. I would, 
however, like a little more information from Mr. Hird as to whether 
these curves are so based on actual experience with a large number of 
machines that we can take them to fairly represent the commercial 
facts of the case, or whether they apply more directly to a certain 
limited range of design, and whether that range is one in which he 
would propose to use an auxiliary for the purpose of forced ventilation. 
Not only did we go into the question of the complete cost of the 
machine, but also into the cost of the various parts, and into some minor 
questions to which he refers, such as the facts that a certain stage he 
added to the strength of the shaft to deal with the larger weight of 
armature. Some of these are more important than would at first sight 
appear, and they begin to affect the matter so early that they vitiate 
the simplicity of the laws which are indicated by these graphical 
results. In the range of machines with which Mr. Hird wishes to deal 
it seems self-evident that the lines which he has indicated ought to be 
followed as closely as possible by designers. Perhaps the most prac- 
tical thing that has been done with forced ventilation in machines of 
small size is its attempted application to railway motors. It would be 
interesting to hear from any member what success has attended these 
efforts, as the results are not readily accessible. Тһе necessities of the 
case in the development of single-phase motors has also pressed 
designers to forced ventilation, and I think that line should be followed 
up more closely in single-phase electrical traction propositions. [п 
using curves to indicate the cost, and especially where they are 
used to indicate the minimum cost, it is better to follow the matter 
closely and see how slightly the factors are changing. Оп each side 
of a minimum value are other values which differ so slightly from it 
that the difference is more than covered by {һе possible errors in cost 
estimating. For this reason the true minimum is difficult to ascertain 
even approximately. In the same way, any data depending on the 
point of crossing of two estimated lines which cross at an acute angle 
are of very uncertain accuracy indeed. 

Mr. HENRY А. Mavor: The working out of cost by means of curves is 
one in which I have taken a very great interest, and what Mr. McMillan 
has said suggests to me a warning to young engineers dealing with 
such problems, that they must not expect to get from the curve any 
such 1esults in the matter of cost as in geometrical problems. The 
terms used by Mr. McMillan suggest to me that his point of view is not 
quite safe, that in plotting records of costs by curves one has always to 
bear in mind that one is engaged in trade where not only such things 
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fluctuate, as Mr. McMillan has mentioned, but other things fluctuate 
very much more. Wages may fluctuate—in fact, the time of the year in 
which the machine is made affects its cost as much as a small change 
in the dimensions, and therefore engineers starting in business must 
carefully bear in mind that in dealing with costs of machinery by curves 
in this way one must not expcct to get within то per cent. of the 
price. I mention that figure to give an idea of the probable amount 
of error. The only sound way to deal with costs is to take a curve 
and strike it through reasonable expectations ; then таке a plentiful 
allowance for contingencies and on cost, and take any profit available ; 
but do not think it is possible to find out the cost of the machine by 
curves such as those of Mr. Hird, without' the reservations which I 
have indicated. From a commercial point of view (and it is that point 
of view that any manufacturer must have most prominently before 
him) the best machine is that which is flexible and in which the 
engineer can adopt cither of these expedients. With regard to the 
other saving mentioned in the paper, due to increasing the length of 
the machine, the advantage of this is somewhat questionable, as in a 
small diameter machine the active material is relatively larger and the 
inactive smaller than with a larger diameter of the samecapacity. The 
final result would, however, be practicallv the same. 

Again, speaking commercially, а machine having an armature 
I2 in. X 24 in., or I5 in. X 26 in., as mentioned by the author in the 
paper, would be debarred from a large number, if not a great majority, 
of markets on account of its inadaptability to the requirements and 
position in which it was to be used. "This would apply very strongly 
to such work as fan work on ships, or where floor space was a question 
of importance. Of course, the long tubular design might be all right 
where the surrounding conditions are prepared for it, as in the case of 
a turbine generator, but a motor is an essentially adaptable article and 
has to go often into wherever it can be squeezed. If, by stress of 
circumstances, motors were forced to take this elongated form, their 
natural position would probably, in course of evolution, become 
perpendicular with vertical shafts, which would, of course, take away a 
lot of wear and friction, but the difficulties of driving would be very 
great. 

Mr. E. СЕОКСЕ Tipp: On reading through the paper, one gets the 
idea that the author has discovered a kind of conspiracy against the 
use of interpoles, but Г must say that I have not noticed it. In my 
opinion the up-to-date designer regards the interpole machine as à 
standard from his point of view, and in these competitive times he will 
economise in his design, if possible, by omitting the interpoles, and 
the opportunities where he is enabled to do so are relatively numerous 
The author refers to two directions in which a saving can be effected: 
by the use of a reduced depth of air-gap, or reduced number of 
commutator parts. It is, however, dangerous to economise by 
reducing the air-gap, as interpoles do not cure distortion, and it is very 
doubtful if they recede the flash-over point to any extent if the 
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machines are properly designed. It seems to me that it would often 
be cheaper to put in a somewhat larger commutator with a greater 
number of sections and leave out the interpoles, than vice уста. 

Mr. J. R. Bann: The author has examined some of the factors 
which have been brought into prominence by the application of 
interpoles to machines of normal ratings and speeds, but I question if 
the conclusions arrived at may be regarded as perfectly general. Mr. 
Hird states, “Іп order to justify the use of interpoles it must be shown 
that a machine can by their use be made better and cheaper than could 
be done on ordinary lines of design." This, 1 think, puts the whole 
problem of ‘‘interpoles or no interpoles "іп a nutshell. If a machine 
has {о be built to fulfil а specification of output at given speed, 
efficiency, and temperature rise, then the best design will be the one 
which, for the same quality of materials and workmanship, fulfils the 
specification with the minimum expenditure on labour and material. 
The author has given three reasons why a design with interpoles will 
be cheaper than one without interpoles ; they аге :— 


I. The value of d°? will be smaller. 

2. Less copper is required for the main field windings, owing 
to the smaller length of air-gap possible. 

3. Since the reactance voltage is neutralised by the commutation 
field more turns per segment are possible and therefore a 
smaller number of segments. 


There is a fourth argument in favour of interpoles which Mr. Hird 
has not mentioned, namely, that by using brushes of lower contact 
resistance the commutator C?R loss will be less, thus further reducing 
the cost of the commutator. 

We now look to some important considerations on the other side of 
the balance-sheet. By inserting interpoles between the main poles the 
leakage flux of the latter will be nearly doubled, and to balance this 
there must be a proportional increase іп the field copper. Ав regards 
the question of heating in a motor or dynamo fitted with commutation 
poles the output is entirely limited by thermal considerations. Now 
the very use of interpoles fills up the space between the main poles 
and so reduces the thermal capacity of the machine, and without the 
use of any extra ventilating devices I have found that the thermal limit of 
output under such conditions may in some cases be less than the com- 
mutation limit of the same machine without interpoles. То overcome the 
heating difficulty to a certain extent, Mr. Hird has proposed the use of 
fan arrangements which would further add (о the cost. It will thus be 
scen that the diminished cost in the first instance has been largely 
balanced by the auxiliary apparatus necessary both for commutation 


and ventilation. It is my experience that for correctly designed | 


machines of moderate speed and output there is nothing to be gained 
by the use of interpoles, which in such cases only add needlessly to the 
cost and actually decrease the efficiency. Of course, there are special 
cases where commutation poles are necessary—e.g., variable speed 
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motors and high.speed generators—but this is no reason why they 
should be used indiscriminately for all types and sizes. 

Mr. T. PEARSON: With reference to ventilation, I would ask if 
water has been tried for cooling. It would be simpler than air, and 
would circulate in a hollow shaft similar to that used in a gas engine, 
and it would be applied to the magnetic field. I would be glad to 
know if any one has tried this. И seems that it is an easier way 
because the cooling power is obtained without having to expend power, 
and it is necessary to expend power to cool by means of air. 

Mr. J. D. MACKENZIE: I should like to emphasise the point гаса 
by Mr. McWhirter with regard to formulae. Іп reading over text-books 
dealing with electrical matters, the various formulae which I meet with аге 
something appalling : no two authors are ever quite the same. I think 
it is a point which ought to be strongly emphasised that some definite 
standard of formulae should be used by all writers on the same subject. 

Mr. W. B. Нкр (т reply) : Several points of great interest have 
been raised in the discussion. The first one is a question of running a 
machine fitted with interpoles in parallel with an ordinary shunt-wound 
dynamo. It may be pointed out that if the practice of fitting interpoles 
on all large generators becomes universal, the difficulty will gradually 
disappear as the number of dynamos not provided with interpoles 
becomes smaller. What difficulty does now arise is due to the two 
machines having different characteristic curves, and the remedy men- 
tioned by Mr. Lackie—i.e., putting a few reverse series turns on the 
main poles—gives the designer such control over the characteristic 
curve of the interpole machine as should obviate any trouble whatever 
in putting it in parallel with any other machine. 

I am in agreement with Mr. McMillan that on each side of the 
minimum point on curves of cost such as appear in the paper, "are 
other values differing so little from the minimum value that the differ- 
ence is more than covered by possible errors in cost estimating." My 
suggestion was not that machines should be made as long for a given 
diameter as indicated by the curves, but merely that the core-lengths 
indicated are so much in excess of what is now usual that there is evi- 
dently room for very considerable increase in length without approach- 
ing the region of the curves where they become doubtful, and that such 
an increase would make for economy. This also answers Mr. Mavor 5 
objection as to the great length of the machine making it unsuitable for 
many positions on account of the floor space taken up. 

Тһе question of forced ventilation has been referred to Бу several 
of the speakers. There is no difficulty in providing forced ventilation in 
machines so large that a special plant can be provided without undue in- 
crease of cost; it is in small machines that the difficulty arises, as the cost 
and power taken by the ventilating mechanism must be kept very low. 

I sympathise with those gentlemen who deplore the fact that there 
is no universally accepted system of symbols, and I shall be most 
careful to use such a system as soon as some authorised body gives us 
one covering the quantities I wish to refer to. 


BRIDGE: REGULATIONS FOR ELECTRICAL MAGHINERY. 525 


THE GERMAN STANDARDS AND REGULATIONS 
FOR ELECTRICAL MACHINERY. 


Ву NORMAN C. BRIDGE, Associate Member. 
(Printed by kind permission of Те Verband Deutscher Elektrotechniker.) 


INTRODUCTORY NOTE. 


Attention was called last year to the rules of the Society of German 
Electrical Engineers (^ Verband Deutscher Elektrotechniker ") by Mr. 
W. P. Steinhal in a paper * read before the Leeds Local Section of the 
Institution. This paper dealt with electric installation work, and con- 
tained a translation of the German rules and standards applying to this 
class of work. 

Тһе complete publication of the Verband Deutscher Elektrotech- 
niker—the Standards, Regulations, and Directions (“ Normalien, Vor- 
schriften und Leitsätze des V.D.E.")—covers a much wider scope, and 
represents a very large expenditure of time and labour in formulating 
regulations and standards for various purposes connected with the 
electrical industry. The work has been undertaken by various com- 
missions appointed by the Society from time to time, whose recom- 
menglations were originally published only in the official organ of the 
Society—the Elektrotechnische Zeitschrift—or, in some cases, in pamphlet 
form as well. 

In 1903 the first edition of the complete publication in its present 
form was brought out by the Society under the editorship of Dr. Gisbert 
Kapp, at that time General Secretary. 

A second edition was published in 1905, and a third in 1907. The 
progress of the industry has necessitated revisions in certain sections, 
and the further regulations and standards formulated by subsequent 
commissions and approved by the Society at their annual meetings 
have, of course, been added in the later editions. 

With regard to the two sections here translated the regulations 
referring to the connection of motors to public supply systems appeared 
for the first time in the 1907 edition of the German Society's publi- 
cation, but those referring to the rating and testing of clectrical 
machinery appeared originally in the first edition, and were revised for 
the 1907 edition. 

Both these sections came up again for revision at the annual mect- 
ing held at Cologne in June of this year, and the amendments agreed 
upon have been embodied in the translation. The most interesting 
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change is in regard to pressure tests, the new requirements of $ 26 
showing a complete reversion to the British and American method of 
flash tests instead of time tests. The previous requirements were a 
test lasting half an hour instcad of a minute, and a pressure deter- 
mined as follows :— 


Working Pressure. Test Pressure. 
Up to 5,000 volts. Twice the working pressure. 
5,000 to 10,000 volts. Working pressure plus 5,000 volts. 
Above 10,000 volts. 14 times the working pressure. 


In § 32 the minimum test pressure for field-magnet coils has been 
altered from 100 to 1,000 volts. 


(Translation.) 


STAN DARD REGULATIONS FOR THE RATING AND TESTING 
OF ELECTRICAL MACHINES AND TRANSFORMERS. 


DEFINITIONS, 


A “Generator” or “ Dynamo” is any rotatory machine in which 
mechanical energy is converted into clectrical energy. 

A “Motor” is any rotatory machine in which electrical energy is 
converted into mechanical energy. 

A “ Motor-generator " is a double machine, comprising a motor and 
a generator in direct mechanical connection. 

A “ Rotary Converter” is a machine in which a conversion from one 
current to another is effected in one common armature. . 

The term “ Electrical Machine," or simply * Machine," will be used 
hereafter to denote any of the above, according to the context. 

An “Armature” is that part of an electrical machine in which an 
clectromotive force is produced by the influence of a magnetic field. 

A “Transformer” is an alternating-current apparatus, with по 
moving parts, in which a transformation of electrical energy is 
effected. 

The “ Pressure,” in 3-phase circuits, is understood as the effective 
phase volts (voltage between any two of the three main conductors). 

The “Star Pressure,” in 3-phase circuits, is understood as the 
voltage between the neutral point and any one of the three main 
conductors. 

The “Ratio” in transformers is understood as the ratio of the 
voltages at no load. 

The “ Frequency” is understood as the number of complete alter- 
nations per second. 

The “ Volt-amperes" is understood as the product of the current, 
voltage, and phase multiplying factor. 

The foregoing definitions, which refer to alternating currents, also 
hold good, as far as they can be applied, for polyphase systems. 
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GENERAL STATEMENTS. 


S т. 

The following regulations apply only in so far as they are not 
modified by any mutually agreed upon conditions of contract. 

This does not, however, apply to the regulations referring to the 
* Output-Plate" (cf. $$ 4, 5, апа 6), which must be filled in in every 
case. 

Machines and transformers with no output-plate, or with any plate 
differing from that further prescribed below, will not be considered as 
conforming to these Standard Regulations. 


OUTPUT. 


6 2. 

The “Output” in all machines and transformers is taken as Ше 
power given ош. This shall be stated, for continuous current, in kilo- 
watts (K.W.), and for alternating current in kilovolt-amperes (K.V.A.), 
with a statement of the lowest safe power factor. Statements of 
mechanical output shall be given in horse-power (H.P.). 

In addition to the above, the normal speed, equivalent frequency, 
voltage, and current values shall be marked on the output-plate, and 
also, in asynchronous motors, the voltage at the slip rings on start- 
ing up. 

In transformers the voltages stated upon the output-plate shall 
represent the ratio (at no load). 

In 3-phase transformers the arrangement of windings must be dis- 
tinguished by a letter as belonging to one of the following characteristic 
groups, in which the various connections of terminal leads are suitable 
for working in parallel. 

£ 

With regard to the output, the following methods of working are 

to be distinguished :— 


(a) “Intermittent Working,” in which there are alternate periods 
of working and of rest, cach of т minute's duration (с.р., іп 
motors for cranes, hoists, tramways, and so on). 

(b) “ Short-period Working," in which the period of working is 
too short to allow of the final temperature being attained, 
and the period of rest is long enough to allow of the tem- 
perature falling again to practically that of the atmosphere. 

(c) " Continuous Working," in which the period of working is long 
enough to allow of the final temperature being attained. 


$4. 
For Intermittent Working the normal output of machines and trans- 
formers shall be understood and stated as the power which can be 
developed continuously over a period of 1 hour, without the tempera- 
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ture rise exceeding the values hereinafter stated as permissible. This 
output shall be stated on a plate, and designated as “ Intermittent." 


5 5. 

For Short-period Working the normaloutput of machines and trans- 
formers shall be understood and stated as the power which can be 
developed over the period of working agreed upon, without the tem- 
perature rise exceeding the values hereinafter stated as permissible. 
This output shall be stated on а plate, and designated as “For... 
hours." 

$ 6. 

For Continuous Working the normal output of machines and trans- 
formers shall be understood and stated as the power which can Бе 
developed over a suitable period, without the temperature rise exceed- 
ing the values hereinafter stated as permissible. This output shall be 
stated on a plate, and designated as “ Continuous." 


$7 

The different outputs for the different methods of working may bc 

stated. 
$ 8. 

In generators and rotary converters with fluctuating voltage it is 
sufficient to state on the plate the normal values of the voltage, current, 
and speed ; the respective limiting values must, however, be stated in 
the contract specification. 

$ 9. 

Machines with commutators must run so sparklessly at all loads 
within (һе permissible limits that with the brushes run smooth and 
adjusted in the most favourable position an application of glass-paper, 
or the like, on the commutator is only necessary at most after cach 
24 hours' running. 

The position of the brushes shall remain thus unaltered for load 
variations from a quarter-load to full load. 


TEMPERATURE RISE. 


+ 


5 то. 


The temperature rise of machines and transformers at normal out- 
Put and under the conditions of the methods of working described 
above shall be measured thus :— 


I. For Intermittent Working, after 1 hour's continuous running. 
2. For Short-Period Working, after continuous running for the 
time spccified on the output-plate. 
3. For Continuous Working— 
(а) In machines, after ro hours' running. 
(b) In transformers, after running for the time required for 
the temperature to reach a constant value. 
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$ 11. 
In very small machines, where it may be taken for granted that the 
constant temperature is reached in less than ro hours, the temperature 
rise may be measured after such a shorter period as may be specified. 


$ 12. 

When testing the temperature rise the ordinary covers, lids, cases, 
and so on, of machines and transformers may not be removed, opened, 
or otherwise altered to any appreciable extent. Any means of cooling 
dependent on the actual running of a machine in service, and allowed 
for in the design, may, in general, be reproduced artificially on the test, 
although in the case of tramway motors it is not permissible to repro- 
duce in this way the draught due to the travelling of the car. 


$ 13. 

The air temperature shall be taken as the temperature of the current 
of air flowing in, or, if there is no appreciable current, as the mean 
temperature of the air at the level of the centre of the machine, the 
measurement being taken in either case at a distance of about 1 metre 
from the machine, "The air temperature during the last quarter of the 
test period shall be noted at regular intervals, and the mean value 
obtained therefrom. 

5 14. 

In using a thermometer to measure the temperature it is necessary 
to establish as good a heat conductivity as possible between the ther- 
mometer and the part of the machine being tested, as, for instance, by 
means of tinfoil wrapping. In order to avoid any loss of heat the bulb 
of the thermometer and the point of measurement should, moreover, 
be covered in with a bad heat conductor (dry wool waste or the like). 
The readings should be noted as soon as the thermometer ceases to rise. 


5 15. 

With the exception of continuous-current field coils and all 
stationary windings, all parts of generators and motors shall bc 
tested for temperature rise by means of the thermometer. Іп thermo- 
metric measurements the points of the highest temperature shall be 
measured in all cases as far as possible, and the results thus obtained 
shall be determinative. 

5 16. 

The temperature rise of continuous-current field coils and all 
stationary windings of generators and motors shall be determined 
from their increase of resistance. In such cases, if the temperature 
coefficient of the copper be not particularly determined, it shall be 
taken as 0'004. 

$ 17. 

The temperature of transformer windings shall be determined from 
their increase of resistance. Regarding the temperature coefficient, 
see $ 10. 
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5 18. 
Under ordinary circumstances, and so long as the air temperature 


does not exceed 35° C., the temperature rise, measured in accordance 
with $$ 15 to 17, shall not exceed the following values :— 


(а) On insulated windings and collector rings— 


With cotton insulation . ius Vs ... 50° С 

With cotton insulation ander oil and paper 
insulation i 4% is sigs ea бо C, 

With enamel, mica, or asbestos insulation or 
preparations of these ... Vix ies e. 80° С. 


For stationary windings 1o? C. higher values are permissible. 


(b) Оп commutators ....  ... s T „= “Об С» 

(с) On the iron of generators and motors in which 
windings are embedded, the same values, 
according to insulation, as given under (a). 

(d) On bearings... Т. vus "T ке „50°С, 


5 19. 
Іп tramway motors the temperature rise measured after т hour's 


continuous running at normal load in the test-room, in accordance with 
$$ 15 and 16, shall not exceed the following values :— 


(a) On insulated windings and collector rings— 


With cotton insulation ... | bie sax 70° C. 

With paper insulation .. m Те e. dO" С. 

With enamel, mica, or asbestos insulation, or 
preparations of these.. б» к; ... 100° С, 


It is not permissible to exceed these limits in stationary 
windings. 


(b) On commutators... T ... s (907 С; 
(с) On the iron, іп which wines are embedded, 
the same values, according to insulation, as 
given under (a). 
§ 20. 


For composite insulations the lower limiting value must be taken. 


$ 21. 


In continuously short-circuited windings the foregoing limiting 
values may be excecded. 


OVERLOADING, 
$ 22. 


Under service conditions machines and transformers should only 
be overloaded for so short a time, or to such an extent as regards 
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heating, as to ensure that the permissible temperature rise does not 
become excecded. Оп this account machines and transformers must 
be capable of carrying overloads within the following limits :— 


Generators ...|25 рег cent. for $ hour, the power factor in alter- 
Motors ... ..pr nating-current generators being taken as not less 
Rotary Converters} than the figure marked on the output-plate. 

Motors ... iss 
Rotary Converters 
Transformers... 


| рег cent. for 3 minutes, the normal supply voltage 
in motors being maintained. 


The commutators of continuous-current machines and rotarv con- 
verters shall not be so affected by these tests that their behaviour on 
normal load will no longer meet the requirements of $ 9. 

With regard to mechanical soundness, machines intended to work 
at practically constant speed must withstand an increase in spced, 
running light, of about 15 per cent., unexcited and fully excited for а 
period of 5 minutes. 

$ 23. 

Generators must be capable of maintaining a constant voltage, 
running at constant speed, up to r5 per cent. overload, the power 
factor in alternating-current generators being taken as not less than 
the figure marked on the plate. 


$ 24. 

The tests of the mechanical and electrical overload capacity may be 
carried out irrespective of heating, and should therefore be commenced 
at such a temperature that the permissible temperature rise is not 
exceeded. k | 

$ 25. 

These regulations also hold good for generators with variable 
voltage, in which the voltage variation is practically proportional to 
the variation in speed. Generators and motors which work with а 
weakened field at normal voltage shall be examined by an overload 
test. 


INSULATION. 


& 26. 


'The measurement of the insulation resistance is not essential, and 
in preference to this a test may be made of the soundness of the insu- 
lation (^ piercing test") before it leaves the factory, and also before it 
is fixed in working position. Machines and transformers must accord- 
ingly be capable of withstanding a test of this kind with an increased 
pressure, according to the normal working pressure, as set forth below, 
for a period of 1 minute. This test shall be made when the machine 
is warm, and should only be repeated afterwards under exceptional 
circumstances, in order to avoid the danger of subsequent damage. 
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Machines and transformers of pressures from 40 up to 5,000 volts 
shall be tested at two and a half times the working pressure, but in no 
case at less than 1,000 volts. 

Machines and transformers of pressures from 5,000 up to 7,500 
volts shall be tested at a pressure 7,500 volts in excess of the working 
pressure, 

For pressures above 7,500 volts the test pressure shall be twice the 
working pressure. 

Transformers for testing purposes are exempted from this. 

Machines and transformers of pressures below до volts shall be 
tested at not less than roo volts. 


$ 27. 

These test pressures apply to the insulation between the windings 
and the frame, as well as to the insulation between windings electrically 
separated from cach other. In the latter case, if the windings are of 
different pressures, the test pressure specified for the higher shall 
always apply. 

5 28. 

Two electrically connected windings of different pressures shall be 
tested likewise with the test pressure specified for the higher, between 
the windings and the frame. 

$ 20. 

When machines or transformers are connected in series without the 
above test, the windings which are joined together shall be tested to 
earth at a test pressure corresponding to the pressure of the complete 
group. 

5 30. 

The above regulations regarding test pressures apply on the assump- 
tion that the test is undertaken with alternating current, the figures 
representing effective values. If the test is made with direct current 
the test pressures must be taken r4 times higher than those stated 
above. 

$ 31. 

If a winding is normally electrically connected to the frame the 
connection shall be broken during the insulation tests, The test 
pressure of such a winding to the frame is then determined in regard 
to the maximum pressure that can occur in service between any point 
of the winding and the frame. 


$932. 

For separately excited ficld-magnet coils the test pressure shall be 
three times the excitation voltage, but not less than 1,009 volts. 

Тће windings of the rotors of asynchronous motors shall be tested 
at two and a half times the starting pressure, but not at less than 
100 volts. 

ohort-circuited rotors do not require testing. 
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5 33. 

Machines and transformers іп operation should be able to stand an 
increase of pressure of about 30 per cent. for 5 minutes. 

In machines this excess pressure test may be combined with a 
raising of the speed to about 15 per cent. above normal, provided, 
however, that the machine is not overloaded at the time. 

These tests are тегеју intended to confirm the insulation soundness, 
and should be commenced at such a temperature of the machine that 
the permissible temperature rise is not exceeded. 


EFFICIENCY. 


5 34. 

Тће Efficiency is understood as the ratio of the power given out to 
the power supplied. It may be determined by the direct measurement 
of these two quantities, or indirectly by measuring the losses. The 
indirect methods are more easily carried out and less liable to errors 
of observation, and on this account preference is given to them in 
these Regulations. 

In stating the efficiency the method by which it is intended to 
determine it, or by which it has been determined, shall be stated, a 
reference to the corresponding paragraph in these Regulations being 
sufficient. 

In all cases the stated efficiency should represent that at the normal 
working temperature. 

The efficiency shall be stated in regard to the method of working 
(see $$ 4, 5, and 0). 

In alternating-current machines and transformers, when nothing to 
the contrary is agreed upon, the stated efficiency shall only be arrived 
at by means of a current supply in conjunction with an E.M.F. of 
approximately sine-wave form, and, so far as polyphase systems аге 
concerned, only by means of symmetrical systems. 

The efficiency without any special reference to load shall be regarded 
as that at normal load. 

The power required for the field excitation and that absorbed in 
the ficld rheostat shall be taken into account as losses. 

When artificial cooling is employed, in specifying the efficiency it 
shall be stated whether the power required for the means of cooling is 
to be taken into account as a loss. Failing any note to this effect, the 
efficiency shall be understood to include this loss. 


5 35. 
For generators, synchronous motors, and transformers the efficiency 
shall be stated on the assumption that the current and voltage are in 


phase. 
§ 36. 


In machines with their own exciters the efficiencies of the two shall 
be stated independently. 
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METHODS OF DETERMINING EFFICIENCY. 


537. 

Direct Electrical Method.—This method сап be applied to motor- 
generators, converters, and transformers, in which the power applied, 
as well as the power given out, can be determined entirely by electrical 
measurement. On account of the use of the same kind of measuring 
instruments, this method commends itself for the testing of similar 
machines or transformers. 

§ 38. 


Indirect Electrical Method.—Two machines of the same output, type, 
and current system being available at the same time, are so coupled, 
both mechanically and electrically, that one may run as a generator 
and the other as a motor. This combination is driven by a supply of 
current from an outside source in such a way that only the power 
required to make up the losses is drawn therefrom and measured. 


The running of the two machines is so regulated that the mean value · 


of the power supplied to the motor and of that given out by the genc- 
rator is as nearly as possible the same as the normal output of either 
machine independently. This mean value is determined Бу measure- 
ment. Тһе power required for supplying the losses may also be 
obtained by mechanical means and measured electrically. In these 
measurements, if belt transmission cannot be avoided, the losses 
involved thereby must be taken into consideration accordingly. 

The method described above is also applicable to transformers, 
provided that these are identical in regard to output, voltage, and 
frequency. 

The losses occurring in any auxiliary apparatus must be taken into 
account. 

§ 39. 

Direct Brake Method—This method is useful generally for small 
motors, but it can also be employed in the case of a small gencrator 
capable of running as a motor, provided that the conditions during the 
test are such that the magnetic and mechanical stresses, the speed, and 
the power differ as little as possible from the corresponding quantitics 
when the machine operates as a gencrator. 


§ 40. 

Indirect Brake Method.—Wlhen a generator, ог in like manner а 
motor, of the same power is available, the efficiency of which at dif- 
ferent loads is accurately known, this may be used as a brake or as а 
driving motor correspondingly. 

In the event of belt drive being employed in this method, the losses 
resulting therefrom must be taken into account. 


S 41. 
Light-running Method.—The losses which occur in the working of 
a machine at normal speed and excitation are determined by running 
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it as an unloaded motor. This brings out the losses due to windage, 
bearing and brush friction, hysteresis and eddy currents, in all of 
which the variations are independent of the load. Тһе losses arising 
_ from heating with the increase of current, at the loads required, in the 

ficld and armature windings, brushes and contact resistance are deter- 
mined by electrical measurements and by calculation, having regard 
to the motion and correct current value in the latter case, and to the 
heating of the machine in the former case. In asynchronous motors 
the losses in the rotor may be determined by measurement of the slip 
instead of by measurement of the resistance. Any possible loss occur- 
ring in the field rheostat in normal running must be considered in 
the calculations. 'This method may be applied in like manner to 
transformers. 

The sum of the above-mentioned losses may be designated as “the 
measurable loss." 

The efficiency is then given by the ratio of the output to the output 
plus “ ће measurable loss." 

$ 42. 

Auxiliary Motor Method.—If the direct determination of the losses 
due to windage, bearing and brush friction, and also hysteresis and 
eddy currents presents difficulties in certain cases, or if a current 
supply similar to that required for the machine under test is not 
available, the losses for windage and bearing friction, as well as for 
hysteresis апа eddy currents, may be determined by employing ап 
auxiliary motor. 

The determination of these losses in the machine under test is then 
made by ascertaining the power supplied to the driving motor at 
normal excitation of the machine under test and subtracting therefrom 
the losses of the auxiliary motor, and in the event of a belt drive, the 
losses due to this also. 

The losses in the auxiliary motor are determined by running the 
motor unloaded at the same speed and voltage as during the main test, 
and by electrical measurements to ascertain the losses in the field and 
armature windings, the brushes and contact resistance at the required 
load, in accordance with $ 41. For the rest, as regards the machine 
under test, this is treated just as іп $ 41, and the efficiency is detined 
in the same way. 

А steam engine driving the machine can also be employed as an 
auxiliary motor provided that it is capable of being uncoupled. In this 
case the determination is made by first indicating the engine with the 
unloaded generator at normal speed and excitation, and again after- 
wards when the generator is disconnected from the engine. "The dif- 
ference in power represents the no-load losses for windage, bearing 
and brush friction, hysteresis and eddy currents, after taking into 
account any possible excitation produced at the same time by the 
stcam engine. On account of the inaccuracy attaching to the light- 
load indicator diagrams this method must be employed with special 
caution. 
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5 43. 


Indicator Method.—If a generator is direct driven by a steam engine 
from which it cannot be disconnected, the efficiency may be deter- 
mined exclusive of friction losses. The no-load losses due to hysteresis 
and eddy currents at normal speed and terminal voltage are deter- 
mined by means of indicator diagrams, the engine being indicated 
both with and without the field excitation. When the exciter is 
driven by the same steam engine the power required for this must 
be deducted. The difference remaining is considered as the loss due 
to hysteresis and eddy currents, the variations in which аге indc- 
pendent of the load. The losses due to heating in the field and 
armature windings, brushes, and contact resistance are determined 
by electrical measurements and by calculation, having regard to the 
motion and correct current value in the latter case, and to the heating 
of the machine in the former case.. Any possible loss in the field 
rheostat at normal load must be taken into account. The sum of the 
above-mentioned losses may be designated as “the measurable loss.” 
The efficiency is then given by the ratio of the output to the sum of the 
output and “the measurable loss." 


$ 44. 


Зерағайоп Method.—In machines which сап only be run by using 
bearings not belonging to them the efficiency, neglecting friction, is 
determined in the following manner : The hysteresis and eddy-current 
losses are determined electrically by testing the machine as an unloaded 
motor in a similar manner to that used in the “light-running method." 
In order to separate the windage and bearing and brush friction losses 
from the hysteresis and eddy-current losses proceed as follows : The 
machine must be tested at several different voltages at the normal 
speed, bringing the voltage down as low as possible ; having taken, 
of course, an observation at normal voltage, and also, if possible, 
one at 25 per cent. higher voltage. The values obtained are plotted 
graphically, and by producing backwards the resultant curve the losses 
which would occur at zero voltage may be ascertained. This value 
represents the friction loss, and is deducted from the observed no-load 
loss at normal voltage. Тһе difference then gives the hysteresis and 
eddy-current losses, the variations in which do not depend on the load. 
The reinaining losses are measured according to $ 41. The sum of the 
hysteresis and eddy-current losses, as well as the losses due to heating 
of the field and armature windings, the brushes and contact resistance, 
for the loaded machine may be designated as “(һе measurable loss," 
and the efficiency is taken as the ratio of the output to the sum of the 
output plus the “measurable loss.” 

The determination of the hysteresis and eddy-current losses can 
also be made by means of an auxiliary motor. 


Vori.. 48. | 85 
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5 45. 


The voltage regulation іп alternating-current generators is under- 
stood as the variation in the voltage which occurs when the maximum 
current in the armature, as given on the output plate, is switched off 
on the normal voltage at the terminals, the speed and excitation being 
unaltered. 


$ 46. 


In machines which are only intended for а non-inductive load it is 
sufficient to state the voltage regulation for this case. In machines 
intended for inductive loads, however, it is necessary to state the 
voltage regulation for a non-inductive load and also the regulation 
for an inductive load at о8 power factor. 

It is, of course, also permissible to give the voltage regulation for 
any other power factor. 


5 47. 


In testing the voltage regulation of continuous-current machines 
the following method may be applied : Continuous-current machines 
with shunt excitation, with compound excitation, or with separatc 
excitation are tested, without adjustment of the excitation, at not less 
than four approximately equal steps in the load, from full load at 
normal voltage down to no load at constant normal speed. The dif- 
ference between the highest and the lowest observed voltages gives 
the voltage regulation. Тһе brushes must not be moved during 
this test. 


$ 48. 


In transformers the ohmic voltage drop, as well as the short- 
circuit voltage, at the normal current shall be stated, in each case 
with reference to the secondary windings. 

It is permissible to measure the short-circuit voltage at a current 
value not greatly ditfering from the normal value, and to calculate for 
this proportionally. 


APPENDIX. 


It is recommended that in new schemes and for price lists the 
following values be adopted, as far as possible, for the frequency, 
speed, and voltage. 

The frequency should be either 23 or 50 cycles. 

The speeds of alternating-current апа 3-phase-current machines 
should be gradated in accordance with the following table :— 
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Speed of Generator, Syn- 
chronous Motor or Unloaded 
Asynchronous Motor at 


Speed of Generator, Synchronous | 
Motor, or Unloaded Asyn- 


Number | chronous Motor at Frequency of— || Number чооӊ: 
of Poles. ol Poles Fı equency о[— 
25 СЫ: Soo | 25 (КО. 50 (~). 
HN NRI EU EN | _————— ———— шеш 

2 1,5000 3,000 | 28 107 21470 
4 7500 1,5СО | 32 94 1875 
6 500 О 1,ООО | 36 83 1669 
8 3750 750 | 40 75 1500 
IO 300'0 боо 48 и 125'0 
12 250'0 500 | 56 aa 107'0 
16 1875 275 | 64 2: 940 
20 1500 300 | 72 = 810 
24 1290 250 | 80 НЕЕ 750 


| 


The voltage should be determined from the following tables :—- 


(a) Continuous Current. 


Motor. Generator. 
IIO volts. II5 volts. 
220 , 230 ,, 
440 » 470 » 
500 » 550 » 

(b) Alternating Current. 

Motor, or at Primary Terminals Gencrator, or at Secondary Terminals 
of Transformer. of Transformer. 
110 volts. 115 volts. 

220 ,, 230^ -j 

500 ,, 525 » 
1,000 ,, 1,050 ,, 
2,000 ,, 2,100 , 
3,000 » 3,150 » 
5000 ,, 5,250 , 


REGULATIONS REGARDING THE CONNECTION ОЕ MOTORS 
TO A PUBLIC SUPPLY. 


S I. 


GENERAL. 


(a) The motors must conform to the * Standard Regulations for the 
Rating and Testing of Electrical Machines and Transformers” of the 
Society of German Electrical Enginecrs. 

(b) In addition to the statements on the output.plate made in 
accordance with $ 2 of the “ Regulations" referred to above, the 
power factor (cos ¢) of single-phase or polyphase motors must also be 
marked on the plate. 
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& 2. 
NOTIFICATION. 


(a) The Supply Works must be notified of all motors, giving their 
predetermined output and the method of working (sce $ 7 of the 
“Machine” Regulations), which statements must agree with the 
corresponding statements on the output-plate. 

(b) In every notification of a motor the purpose for which it is to 
be used shall be stated, and particularly whether the motor will be 
required for a ** low " or for a “high” starting power ; further, in con- 
tinuous-current motors of over т Н.Р. and in single-phase and роју- 
phase motors of over 2 H.P., whether the motor is intended for a 
“Том” or for a “ high" starting current. 


$ 3. 


STARTING CURRENT OF CONTINUOUS-CURRENT MOTORS. 


The current taken from the supply system for the starting of motors 
under ordinary conditions shall not exceed the following values :— 


For Motors of— Watts per Horse-power. 
From о5 up to 1 H.P. 3,500 
I 2 I,500 " . 
di У di 7500 | for “low starting powcr. 
3) 2 ээ ” 15 » 1,250 
» 15 Н.Р. upwards 1,000 
» Iup to 15 Н.Р. 2,500 


„ 15 Н.Р. upwards xr for “high” starting power. 

Nolc.—With the starting current allowed for the “low” starting 
power, as a rule the normal turning moment may be obtained in 
motors of from 1 up to 15 H.P., and three-quarters of the normal 
turning moment in motors of over 15 Н.Р. With the starting current 
allowed for the “high” starting power, as a rule twice the normal 
turning moment may be obtained. | 


54. 
STARTING CURRENT OF POLYPHASE MOTORS. 


(а) The current taken from the supply system for the starting of 
motors under ordinary conditions shall not exceed the following 
values :— 


For Motors of— Volt-amperes per Horse-power. 
From об upto т Н.Р. 3,500 
33 I 9) 1°5 33 3,000 
5». l5 3 2 5 2,500 
2 5 1,600 
» » » , 
э. В ie 3 E учоо! for “low” starting power. 
» 15 Н.Р. upwards 1,000 
2upto s H.P. 3,200 
3) ) 
> 5- sw о и 2,900! for “ high” starting power. 


» 15 Н.Р. upwards 2,500 
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(b) The quantity “volt-amperes” is understood as the product of 
the current, the working pressure, and the phase multiplying factor. 

Notc.—With the starting current allowed for the “low” starting 
power, as a rule the normal turning moment may be obtained in 
motors of from 2 up to 15 H.P., and three-quarters of the normal 
turning moment in motors of over 15 H.P. With the starting current 
allowed for the “high” starting power, as a rule twice the normal 
turning moment may be obtained. 


§ 5. 
STARTING CURRENT OF SINGLE-PHASE MOTORS. 


(a) The current taken from the supply system for the starting of 
motors under ordinary conditions shall not exceed the following 
values :— 


For Motors of— Volt-amperes per Horse-power. 
From 0'5 upto r Н.Р. 3,500 
» I » 75 » 3,250 
” I'5 ” 2 » 3,000 
» 2 » 5 » 2,000 
TEE Wee - ox 1,500 for “low” starting power. 
ә 15 H.P. upwards 1,250 
„ 2upto 5 H.P. 3,500 
x. Br. ws СЕБЕ uU» 5 3,000 | for " high " starting power. 
» 15 H.P. upwards 2,500 


(b) The quantity *volt-amperes" is understood as the product of 
the current and the working pressure. 

Note.—With the starting current allowed for the “low” starting 
power, as a rule one-quarter of the normal turning moment may be 
obtained in ordinary induction motors, and the normal turning moment 
in commutator motors. With the starting current allowed for the 
"high" starting power, as a rule two-thirds of the normal turning 
moment may be obtained in ordinary induction motors, and twice the 
normal turning moment in commutator motors. . 


5 6. 
POWER FACTOR or POLYPHASE Мотов$. 


The value of the power factor (cos¢) at full load shall be not less 


than— 
о'бо for motors пр to and including о5 Н.Р. 


0°65 » ” ” I » 
0°70 ” » » I'5 » 
0775 » ” ” 5 » 
077 » ” » IO ” 
о'80 » » ” 15 di 
082 i 20 Т 


» » 
085 » of over 20 Н.Р, 
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57. 
POWER FACTOR OF SINGLE-PHASE MOTORS. 


The value of the power factor (cos ф) at full load shall be not less 


than— 
о'бо for motors up to and including о5 Н.Р. 


0°65 Т » - Io — 4 
0'70 » » э) 1'5 » 
0°73 » ” » 5 ) 
0'75 » » » IO » 
0'77 99 » ) I5 3 
оо n б » 20, 
0:82 25 of over 20 Н.Р, 
5 8. 


CARRYING OUT ОЕ THE MEASUREMENTS. 


(a) For measuring the starting current a special ammeter with an 
adjustable pointer is recommended. Тһе pointer should be moved 
forward to a position on the scale about 5 per cent. below the current 
value to be measured. Hot-wire instruments must not be used for 
this purpose. 

(b) The measurement of the power factor is effected by taking 
simultancous readings of the amperes, volts, and watts when running 
at the normal current value stated on the output-plate. 

(c) The measurements shall be made at the normal voltage, though 
a drop of not more than 5 per cent. is permissible. 


$ 9. 
SPECIAL MOTORS. 


The connection of motors which for technical reasons are prevented 
from conforming to the above Regulations, for example, as regards 
power factor on account of low speed, ог as regards starting current 
on accouht of unusually high starting torque, and so on, is subject to 
special agreement between the parties concerned, 
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RULES FOR CONTINUOUS-CURRENT TRACTION 
MOTORS. 


ADOPTED BY THE INTERNATIONAL CONGRESS FOR 
TRAMWAYS AND LIGHT RAILWAYS, MILAN, 1906. 


(Printed by kind permission of the Union Internationale de Tramways, 
| Brussels.) 


GENERAL RULE. 


I. The following Rules shall be observed in offers of sale and in the 
actual execution of orders unless they shall have been previously modified 
by mutual agreement between the seller and the buyer. 


DEFINITIONS. 


2. Power.—The mechanical power developed by a motor, or simply 
the power of a motor is the power developed on the axle of the car 
under the conditions set out below.* 

The permanent power of a motor is the power which, with current 
at the normal pressure of supply, can be developed by the motor during 
ten consecutive hours without there being undue heating in the sense 
indicated in Rule 6. 

The normal power of a motor shall mean the power which, with 
current at the normal pressure of supply, can be developed by the 
motor uninterruptedly during one hour without there being undue 
heating in the sense indicated in the Rule for heating (sec section 6). 

The maximum power of a motor is the power which, with current 
at the normal pressure of supply, can be developed by the motor during 
fivc consecutive minutes with practically sparkless commutation. 

3. Traclive Efforl.— The tractive effort of a motor is the tangential 
force developed by the motor under the conditions of the Rule relating 
to “ Acceptance Test," with its proper gearing at the circumference of 
a wheel of the diameter specified for the car-wheels.t 

4. Speed.—Speced shall mean the speed of the rim of the car-wheels. 

5. Efficiency.—Efficiency shall mean the ratio of the mechanical 
power developed on the car axle to the electrical power supplied to the 
motor terminals at the normal pressure of the supply. 

6. Healing.—The heating of a motor shall be deemed to be excessive 
when, with the initial temperature of the surrounding air at 25? C. 
(77% F.), the motor reaches, after то hours' running at permanent power, 

* [n certain special cases it may be useful to determine the intrinsic power of the 
motor, excluding the means of transmission (gears, axles, еіс.). The word “intrinsic” 
will in such cases be added to each of the categories of power defined in the Rule 
relating to power. 


T In the case of gearless motors the intrinsic tractive effort shall be the tangential 
force exerted at the circumference of a wheel 50 cm, in radius fixed to the armature shaft. 
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or after 1 hour's running at normal power, a final temperature exceeding 
that of the surrounding air by the following values :— 


(a) Windings with— 
Cotton insulation T sa Ses ... 70° С. (126° Е 
Paper insulation кей ps ... 80° С. (144° Е.) 
Insulation by mica, asbeslos t or other sub- 
stances possessing the same insulating and 
fire-resisting properties ... ee ... 100° C. (180° Е.) 
(b) Commutators  ... .. ... 80° C. (144? Е.) 
(c) For any metal portions in which. the о аа. 
are embedded, the value corresponding {о 
that given for the windings, according to 
the kintl of insulation used for the latter. 


When the windings have more than one insulating material, the 
lower limit is to be taken. 
In cases where the temperature of the testing-room * is less or 


greater than 25? C. (77° F.), the values given above must be increased 
or decreased by the difference. 


ПАТА. 


7. In addition to the normal pressure of supply, the specifications 
shall contain the following data, worked out in relation to the normal 
pressure of supply :— 


(т) The permanent power of the motor and the corresponding 


current. 

(2 The normal power of ће motor and the corresponding 
current. 

(3) The maximum power of the motor and the corresponding 
current. 


(4) The efficiency at permanent power and at normal powcr, the 
temperature of the motor being taken as 75? C. (167? Е.). 

(5) The insulating materials used. 

(6) The overall dimensions of the motor. 


There shall also be specified the gear ratio for a given diameter of 
the car-wheels, the tractive effort, and the speed for the permanent, 
normal, and maximum powers. А curve shall be supplied showing the 
tractive effort, speed, and efficiency as functions of the current.+ 


RATING PLATE. 


8. Besides the foregoing particulars contained in the specification, 
there must be given on a rating plate fixed to each motor the normal 
pressure of the supply, the normal power, the corresponding number of 
revolutions per minnte, and the corresponding current. 


* Note added by the translator: The term “ testing-room " is probably a misprint 
for “space in which the motor will be used.” 

1 At the request of the purchaser, the seller shall for definite working conditions 
supply curves showing the time-rate of heating and cooling of the inotor. 
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CONSTRUCTION, 


9. The field frame shall be of the shell type, so constructed as to 
prevent external magneticleakage. The shell must be completely proof 
against the entry of dust and splashed water. 

Hermetically closed inspection doors must be provided for the 
purpose of brush maintenance. 

By brush maintenance is to be understood not only the changing of 
the brushes, but also of the brush-holders. 

IO. The bearings shall be so constructed that the lubricating oil 
cannot reach the interior of the motor. 

II. The motor, and particularly the commutator and brushes, shall 
be so constructed that for a fixed brush position, with the motor re- 
volving either way, there shall be practically no sparking for any load 
within the limit of the maximum power. 

I2. The insulation of the windings from the magnet frame and 
armature core shall be such that, in the event of the motor attaining the 
highest permissible temperature, it will withstand for the next 5 minutes 
an alternating pressure of four times the normal pressure of the supply. 

I3. All the parts of the motor intended to be periodically replaced, 
particularly the armature, the field windings, the former-wound armature 
coils, the commutators, etc., shall be completely interchangeable—that 
is, they shall fit into their places without requiring any further adjust- 
ment—the armatures, particularly, shall be capable of replacement 
without the brush-holders having to be taken off or shifted. 


ACCEPTANCE TEST. 

14. Motors will be tested for approval before they are fitted to the 
cars, both with a view of examining the workmanship and construction, 
and also of ascertaining their power, tractive cffort, speed, efficiency, 
and heating. 

A. Determination of Те Mechanical Power. 


IS. For testing the power а dynamo-metric brake may be uscd or a 
dynamo machine, the armature of which is coupled direct to the car 
axle, providing its efficiency is accurately known. It is not permissible 
to connect the armature of the power-absorbing dynamo machine to 
the car axle by gcaring. 


B. Rating of Motors by the Measurement of their Temperature Rise. 

16. The power of motors will be rated, according to definition, by 
their rise of temperature. 

17. For testing temperature rise, no removal, opening, or material 
alteration of covering plates, caps, сіс., required for the normal working 
of the motors, may be made ; neither may any artificial means be used 
to imitate during the test the air current produced in working conditions 
by the motion of the car. 

18. Ву the term “air temperature" is to be understood the tem- 
perature of the air flowing naturally towards the motor, and if no such 
current can be found, the mcan temperature of the air round the motor 
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shall be taken at the height of its centre, and in both cases at a distance 
of about 1 metre from the machine. The air temperature shall be taken 
at intervals during the last quarter of the time of test, and the mean 
value of these readings shall be considered to be the air temperature. 

I9. If a thermometer be employed to measure temperatures, the 
best possible conduction of heat shall be secured between the thermo- 
meter bulb and the part of the motor whose temperature is to be taken 
—for instance, by means of a wrapping of tinfoil. In order to prevent 
dissipation of heat, the bulb and place of contact shall be covered with 
some bad conductor of heat, such as dry woollen waste. 

The reading of the thermometer shall not be taken until it has 
ceased to rise. 

20. Except in the windings, all parts of the motor shall be tested 
for rise of temperature by means of a thermometer. 

As far as possible, the hottest points shall be determined, in order to 
arrive at the true heating effect. 

21. The temperature of the windings shall be determined by 
resistance measurements. 

If the temperature coefficient of the copper is not already known, it 
shall be taken as 0°004. 


C. Measurement of the Efficiency of Motors. 

22. To determine the efficiency of a motor by itself, or with its 
gearing, the brake method may be employed, the brake being keyed in 
the first case to the motor shaft, and in the second case to a separate 
axle to represent that of the car. 

With proper precautions it is also permissible to use the purely 
clectrical method indicated in the following paragraphs. 

23. The combined cfficiency of motor and gear may be determined 
practically by the following method = :— 

Two of the motors to be tested shall be coupled mechanically to an 
auxiliary shaft by gearing similar to that which will be fitted to the 
car axle. 

One of the motors shall work as a motor and the other as a gencrator, 
the two being electrically so coupled as to require from an outside source 
only the power P necessary to cover the losses. If P, be thc total power 
supplied to the motor, and P, the total power developed by the generator, 
we have P == P, — P,, and the efficiency of one motor with its gear will 


D 
beg = ee 
1 к. Р, 


The powers P, and P, shall be measured electrically. 

Аза check, it is advisable also to measure the externally supplied 
power P. 

24. When it is required to determine the efficiency of motors intended 
to be fitted direct to the car axles, the preceding methods may still be 
applied; it will be sufficient in this case to couple directly the armatures 
of the two motors. 

* This method is not theoretically accurate, on account of the ditference іп the 


mode of working between the driving and driven system; the amount of error thus 
introduced is, however, within permissible limits if the gear ratio is not high. 
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ORIGINAL COMMUNICATION. 


THE METAL TUNGSTEN AS "VALVE' 
ELECTRODE. 


By L. H. WALTER, M.A., Associate Member. 


(Received Ушу 13, 1909.) 
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INTRODUCTION. 


The number of metals which show the effect known as * valve 
action" when used as clectrodes in electrolytic cells has of recent 
years been considerably increased ; and owing mainly to the thorough 
and systematic investigations of С. Schultze,* a somewhat better under- 
standing as to the phenomena involved has been агпуса at. 

From the two first known, aluminium and magnesium, the list has 
been extended until it now definitely includes quite a large number of 
metals. If, however, these are classified as belonging either (1) to 
those showing the more general behaviour—which consists in the cell 
developing a film offering a very high resistance to a direct current 
Passing through it in the direction in which the metal functions as 
anode, and a comparatively negligible resistance in the reverse direc- 
tion—or (2) to those that show the less general phenomenon, in which 
à similar high resistance is offered, due to a film which forms under 
alternating current even, during the phase which is anodic so far as 
the valve metal is concerned, there remain but two additional metals, 
viz, tantalum and niobium, which, as recent work has shown, can be 
classed with the original two as manifesting the truc rectifying effect. 


TUNGSTEN AS “VALVE” ANODE, 

The author has now found that yet another metal, hitherto untricd, 
gives the valve effect іп a very pronounced manner; in addition, this 
metal, tungsten, “forms” under alternating current. In this prelimi- 
Пагу paper it is proposed to give a brief account of some experiments 

* Zeitschrift far Electrochemie, vol. 14, p. 333, 1908. 
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which have been made in consequence of this discovery, although the 
complete results of a further investigation which is now in progress are 
reserved for a later communication. 

The effect was first observed when making experiments with a 
sealed-in tungsten lamp filament used as anode in a form of electrolytic 
detector with sodium chloride solution as electrolyte. In the course of 
this work it was noticed that on raising and still further raising the 
polarising potential difference, the characteristic “ boiling” or hissing 
of the detector, due to evolution of gases, was entirely absent; and 
when it was found that 8 volts could be applied directly across the 
electrodes without the least “ boiling” in the telephone, the similarity 
in the behaviour to that of the tantalum point-electrode suggested that 
there must exist, in this case also, a marked asymmetric effect. 


EXPERIMENTS WITH DIRECT CURRENT. 


Experiments with a somewhat larger anode, consisting of a non- 
sheathed length of an inch or so of the filament from a 50-с.р. osram 
lamp, with dilute sulphuric acid as electrolyte and applied voltages up 
to 45 volts, showed that the phenomenon was not merely an азут- 
metric effect due to the difference in the areas of the electrodes as in 
Holtz's * asymmetric cells, but was apparently a real “valve” effect. 

The investigation was continued and extended to higher voltages, 
several other electrolytes being tried. The maximum pressure obtain- 
able at the time being 9o volts, it was found that this voltage could be 
withstood by the tungsten anode in sulphuric acid of 1:15 concentra- 
боп (15), іп potassium iodide (0'2) acetic acid (o'r), potassium 
bichromate (r8), sodium potassium tartrate (0:1), and borax (го) 
solutions, none very dilute. The residual current through the cell in 
milliamperes after 10 seconds is shown by the figures within brackets, 
the area of immersed anode being 0'034 square centimetre approxi- 
mately. 

For the purpose of these experiments it was found convenient to 
embed the end of the filament in a plug of Wood's fusible alloy which 
itself formed a stopper at the top of a perforated ebonite tube that 
served to protect the very delicate filament from injury. 

The behaviour of tungsten in sulphuric acid of considerable strength 
with an applied potential difference of 9o volts is of special interest, in 
that, were it possible to make use of this electrolyte in rectifiers with 
tungsten anodes, the dimensions of the cells would be able to be much 
reduced as compared with those of the cells usually employed, since 
the conductivity of the acid is so high. For this reason, although it 
appears probable that, as in the case of other metals, ¢.g., aluminium, 
tantalum, the critical voltage is notably higher in other, less active elec- 
trolytes, the first experiments were confined to the examination of the 
behaviour with sulphuric acid and with potassium bichromate. These 
arc also good tests for the aluminium and tantalum: Schulze gives for 
the critical voltages of these two metals 45 and 19o volts respectively 


0% Physikalische Zeitschrift, vol, 6, p. 480, 1905. 
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ТАВЊЕ І. 
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in sulphuric acid and 95 and 7o volts in potassium bichromate. A 
few other electrolytes of high conductivity were also tried, including 
hydrochloric and nitric acids. 

Owing to the fact that tungsten is at present only obtainable in 
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the form of lamp filaments, the anode used is necessarily of very small 
dimensions and surface, and hence, with a view to eliminating any 
differences which might be due to the unequal size of the electrodes, 
two test cells were made up having anodes, of aluminium and tantalum 
respectively, of such dimensions as to offer a surface of the same order 
to the electrolyte, approximately o'1, o'15, 0'4 square centimetre in the 
case of tungsten, aluminium, and tantalum respectively. Тһе lead 
kathodes had a surface of about 30 square centimetres, the circular 
containing cell measuring 3 in. high by 14 in. diameter. With such a 
cell a current up to o'5 ampere could safely be passed in the non- 
effective direction for short periods, the ohmic resistance being about 
6 ohms. Тһе sulphuric acid used was battery acid of density 1:200, 
while the potassium bichromate was approximately a 5 per cent. 


x10 2 Amps 


r5 


0-5 


о 20 о бо 8о 100 Volte 


solution. Тһе valve electrode was simply dipped into thc electrolyte 
from above. 

While such high limiting voltages may not be reached in this way 
as with Schultzes arrangement, the obtaining of very high critical 
voltages possesses only a theoretical interest, since the cell is of little 
practical use anywhere near the breakdown voltage. 

А difficulty arises as to the representation of the results: Schultze 
gives curves showing the critical voltage plotted against time in 
minutes as abscissa. In the present case, for showing the sealing- 
off property of the anode, the residual current through the cell, in 
milliamperes after 20 scconds, is plotted as ordinate against the 
potential difference across the cell as abscissa. 

Besides the critical voltage there are two other factors which 
determine the suitability or unsuitability of a valve electrode: the 
effect of higher temperatures upon the cell, and the effect of cutting off 
the current. As regards the former, the cffect of the temperature 
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of the electrolyte upon the leakage current in sulphuric acid is shown 
in Fig. 1. The full curves give the normal current at 15? and at 
50? C. respectively, the dotted curves the respective resistances. These 
latter indicate very clearly where the critical voltage must lie (zero 
resistance) without it being necessary to actually break down the film. 
The usual behaviour, namely, that the leakage current is greater at higher 
temperatures, is observed, but the critical] voltage is very little altered. 
The effect of cutting off the current for shorter or longer periods 
can be seen in Fig. 2 for three different applied voltages, viz., 25, 50 
and 75 volts, also іп sulphuric acid. Тһе points of the full-line curves 
which lie on the vertical axis show the normal resistances of the cell ; 


the other points give the resistances plotted from the currents observed 
on remaking the circuit after the current has been cut off for times up 
to half a minute. 

At 25 and up to 50 volts it will be scen that the decreasc of resist- 
ance of the anode film, though fairly rapid, is of a different order to 
that which occurs at 75 volts. It is interesting to observe that if the 
curve for 75 volts is reproduced with ordinates all multiplied by ten, 
the curve so obtained (dotted curve of Fig. 2) is very similar in shape 
to those for the lower voltages. 


EXPERIMENTS WITH ALTERNATING CURRENT. 


But few experiments have as yet been made with the cell on 
alternating current. 
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The first trials with an arrangement of three cells having together 
four anodes, which served as a bridge, showed that, using new tungsten 
anodes which had never previously been formed, a direct current was 
at once obtained on switching on the alternating supply, the applied 
voltage being 25 volts and the rectified current, which was passed 
through three accumulator cells, being 0'25 ampere. With a voltage of 
25 at the direct-current (rectified) terminals and оо43 ampere оп а 
moving coil instrument in the same circuit the reading of a hot-wire 
ammeter in the alternate-current circuit was 0°13 ampere (anodic current 
density > 4 amperes /cm.?), hence the current transformation ratio as 
defined by Jakob,* was about 33 per cent. ; this being, however, only 
about 1 minute after closing the circuit. 

The difficulty here was that currents smaller than o'r ampere were 
not readable оп the ammeter which was available. This current could 
be exceeded for short intervals, but owing to the small anode surface 
and the consequent high current density, the heating was so great that 
the efficiency rapidly fell off. Now that thicker filaments are promised 
in the near future it is hoped to obtain results for longer periods. 


In conclusion it may be stated that, although thc tungsten used 
is chemically metal, it can hardly be looked upon as being physically in 
the metallic (massive) state. Tungsten having been shown to behave 
chemically quite differently according as it is in thc fused or reguline 
condition, or in the state of powder—notably in the greater in- 
difference to acids shown by the fused form—it appears probable that 
the metal will make a more favourable showing when it is obtainable 
in the drawn condition, which has already been shown to be realisable, 
by previously alloying with nickel. 


SUMMARY OF RESULTS. 


It is here shown that the mctal tungsten, like aluminium and 
tantalum, behaves as a valve electrode in a large number of electrolytes, 
those which have been tried being for the most part of high con- 
ductivity and less adapted to the securing merely of high critical 
voltages. Тһе critical voltages in the strong acids are as a rule higher 
with tungsten than with aluminium, but not so high as with tantalum. 

The sensitiveness to heating is not at all pronounced. The sensi- 
tiveness to cutting off of the current appears, on the other hand, to be 
very great indeed. The great activity and considerable concentration 
of the electrolyte used must, however, be borne in mind. 

The author's thanks are due to Mr. S. Skinner, M.A., for placing the 
laboratories of the South Western Polytechnic Institute at his disposal 
for the later experiments. 


* Sammlung Elcktrotechnische Vorträge, 9, р. 76, 1900. 
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$ т. PRELIMINARY. 


The introduction of high resistivity iron alloys with low hysteresis 
loss has made it more than ever desirable that sheet material for use 
in transformers, or other alternating machinery, should be tested for 
hysteresis and eddy current loss by means of actual alternating current. 
The object of the present paper is to describe the method by which 
these tests are carried out at the National Physical Laboratory, and to 
include some of the more interesting results obtained during the past 
year. Before describing our own work, however, brief reference must 
be made to that of earlier experimenters. The subject has been in- 
vestigated by a number of persons in this country, the Continent, 
and America, but I may single out, as being of fundamental impor- 
tance, the work of G. Roessler,* as he was the first to point out the 
influence of the form factor of the alternating voltage used. This 
theory forms the basis of the thorough investigations made by Gumlich 
and Rose,| and in what follows I have made considerable use of 
their clear treatment of the subject. While our experiments were 
in progress, a paper appeared by Lloyd and Fisher,] describing the 

* Verband Deutscher Elektrotechniker, Julv 9, 1805. (Electrician, vol. 36, p. 124, 


1895.) Almost immediately his results were independently established by the 
experiments of Beeton, Taylor, and Barr (Fournal of the Institution of Electrical Engi- 
neers, vol. 25, p. 474, 1806). 

$} Elektrotechnische Zeitschrift, vol. 26, p. 403 and p. 503, 1905. 

$ Bulletin Bureau of Standards, vol. 4, p. 467, 1908. 
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method of test employed at the Bureau of Standards, Washington ; 
their method is very similar to that used by us, and is thoroughly 
discussed in their paper ; and, lastly, an interesting paper has appeared 
by Lloyd* on the “ Dependence of Magnetic Hysteresis оп Wave 
Form." 

$ 2. INFLUENCE OF FORM FACTOR. 


When an iron ring is magnetised by an alternating current of fre- 
quency п с\ per second, the eddy current losses in the iron not only 
depend on л and the flux density, but also on the form factor / of the 
induced secondary voltage, where f is equal to V/?mean, t'a, being the 
mean value of the induced voltage without regard to sign, and V 
the effective value of the same. According to Roessler, at constant 
temperature the iron losses in watts per cubic centimetre due to 
hysteresis and eddy currents respectively are given by the two terms 
of the expression— 


1077 (уп Baas. + E mf? Bax) . . . . . . (1) 
where— 
Bmax. = maximum value of the flux density, 
n = Steinmetz's coefficient, 
and— 


Е = eddy current coefficient. 


If w = watts per kilogram at frequency п, we have— 


w = ТТ (qn Bake, + Е Вы) ‚....@ 


where— 
D — density of the iron. 


The main object of the investigations here described was to test the 
accuracy of this formula for various materials and widely different 
values of the form factor f 1—1i.e., for widely different wave-forms. Аз 
will be seen below, this led to a convenient method of separating the 
hysteresis and eddy current losses. It is usual to take 50 со per 
second as standard frequency, and Bmax = 10,000 as standard flux 
density. Most of our results were obtained with frequencies quite near 
50 N per second, and all of them were reduced to the standard, the 
watts per kilogram being 50 w/n. Except where otherwise men- 
tioned, observations were always made with Вала, exactly 10,000. 


$ 3. METHOD or TEsr. 


АП the specimens were in the form of rings, usually of inner and 
outer diameters, 12 and 15 cm. respectively ; these were built up of 
stampings with paper insulation between them, and each was wound 
with at least two secondary coils of то and 30 turns respectively, апа 

* Bulletin Bureau of Standards, vol. 5, p. 381, 1909. 

| Gumlich has found it true with certain samples for small variation of f. and 


also for a considerable range of frequency. It is clear that it cannot be true for very 
high frequencies. 
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sometimes one of roo turns was added. Тһе primary windings were 
30 or тоо turns. АП the windings were evenly distributed over the 
ring. The method of test consisted in the determination of the Bmax. 
and the form factor of the induced voltage by the help of a commutator 
as used by Sahulka* and Townsend,+ while the corresponding power 
lost was measured by a sensitive wattmeter whose shunt circuit was 
connected to one of the secondary windings of the ring after the 
method of Steinmetz.] The connections are shown in Fig. r. 

An alternator or rotary converter A, working through the trans- 
former M, supplies current to the primary of the ring D, the frequency 
being measured by the Campbell frequency teller F. The primary 
current passes through the series coils of the wattmeter H, and the 
shunt circuit of the wattmeter is connected through a high resistance 


FIG. I. 


to the secondary winding S. Another secondary coil Z (of 1o turns) is 
connected through the high ratio transformer T to the roo-volt electro- 
static voltmeter L, and also through the commutator C to the galvano- 
meter G, which, by the addition of suitable high resistance, is arranged 
to read voltage directly. The commutator is run by a synchronous 
motor supplied with current from the alternator A; it reverses the 
connections to the galvanometer circuit twice per period, and when, 
by shifting round a pair of movable brushes on C, the phase of the 
reversals is set to give a maximum reading on the galvanometer, this 
reading will measure Vmean, the mean value of the voltage induced іп 
the winding 2.5 


* Zeitschrift für Elektrotechnik, vol. 16, p. 4, 1898. 

| American Institute Electrical Engineers, Transactions, vol. 17, p. 5, 1900. 

} Ibid., vol. 9, р. 624, 1892. The method seems to have been used first in this 
country Бу L W. Wild (Electrician, vol. 54, p. 128, 1904). 

$ See J. Sahulka (loc, си.), also T. Lyle (Philosophical Magazine, vol. 6, p. 549, 
1903, and vol. 9, p. 102, 1905). 
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The reading of the voltmeter L multiplied by the transformation 
ratio of T gives V, the effective voltage induced in Z, and hence f, the 
form factor (which is equal to У [Vmean) 15 immediately found. The 
galvanometer reading also gives B in the ring since— 


10? 
Bana = — === 
max, 4 N, sn mean) 


where s is the cross-section of the ring (in square centimetres), М, the 
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number of turns іп 2, and л the frequency. If М, апа N, are the 
numbers of turns in P r and S respectively, then the total power spent 
in the ring is equal to (N,/N.) x (watts read by wattmeter Н). The 
wattmeter was a sensitive reflecting one, built mainly of white marble 
and ebonite to avoid eddy currents; with a moving current of 25 ohms 
and a total shunt resistance of 6,500 ohms, 1 watt (at 1 volt) gave 
тоо mm. at 1 m. This sensitivity allowed rings of small section to be 
tested without requiring an inconveniently large number of secondary 
turns. The transformer T had a core of Stalloy rings uniformly wound 
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with primary turns (50 up to 400), and with 40,000 secondary turns. 
Thus various ratios up to г : 800 could be obtained. Its primary circuit 
took such a small current that putting it in circuit scarcely affected the 
galvanometer reading or that of the wattmeter. The frequency teller 
was of thetype with a single vibrating strip which could quickly be 
adjusted to resonance with the actual frequency. It could be read to 
I іп 500, and was carefully calibrated at each frequency used. Usually 
the temperature of the iron while under test was observed by the help 
of an iron-constantan thermo-junction inserted between the sheets 
before the ring was wound. With rings of large volume and high 


Ring №1453. 
10 - 10,000 


"XT Sec? voltage ~ 


form factor-r747 | 


- a - —-I0,000 


FIG. 3. 


eddy current loss it is very necessary to know the temperature, espe- 
cially when (as in nearly pure iron) the resistivity alters considerably 
with change of temperature. The results given below were corrected 
to standard temperature on the assumption that for such thin sheets 
(at the moderate frequencies used) the eddy current loss is inversely 
proportional to the resistivity. 


$ 4. Түріслі, RESULTS. 


In making the tests of total loss, in most cases it happened to be 
most convenient to keep the frequency nearly constant and to alter the 
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form factor (f). This was done in several ways, e.g., by altering the 
ratio of transformation of M and the resistances Q and R, by omitting 
M and connecting directly to A through a resistance, or by altering the 
number of primary turns used on the ring. Although the converter 
used gave almost exactly a sine-wave voltage, by these means it was 
found easy to obtain a. wide range of form factor.* This is illustrated 
in Figs. 2, 3, and 4, which show three widely different cases with the 
same ring and the same machine, the curves for the magnetising current 
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i, (and hence Н) and the flux density B being drawn Бу Sahulka's and 
Townsend's methods with the commutator already mentioned. For i, 
the current 1, is passed through the primary of an air-core transformer 
of known mutual inductance, whose secondary is connected to the 
commutator ; for B the connections are as in Fig. 1. In both cases 
опе pair of commutator brushes is shifted round to various angles and 


* The lowest form factors of the secondary voltage were obtained with the greatest 
number of primary turns and the smallest transformation ratio and resistance, while 
the highest were got with few primary turns, no transformer, but considerable 
resistance in circuit. 
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· Corresponding readings are taken on the galvanometer С. Complete 
curves of both 7, and В can be drawn in about three minutes if the 
galvanometer is properly dead-beat. 

From the observations already mentioned were deduced the total 
watts per kilogram, namely бо w/n for 50 го per second and 
Bmax. = 10,000; and the values found were plotted against nf’. Fig. 5 
shows the curves thus obtained for a number of widely different 
materials, while Table I. gives for each of them the approximate thick- 
ness of the sheets, the resistivity, the permeability at B = 10,000, and 
the hysteresis cocfficient у. The dimensions were found in the usual 


| | 


ШЕ ШИК 


Watts рег kgm. 


ЕЈ 
P 
E 
= 
нак 
BE 


Sow 
n 


way by measuring the outer and inner diameters and eetermining the 
density and the total mass. 

It may be mentioned that No. 591 was ordinary tinplate, (P) had 
been annealed at 800° С. and aged at 100° С,, while (О) and Мо. 566 
were high resistivity materials. 

To obtain the total loss at 50 Ay) per second for the standard 
conditions, namely, with induced voltage of sine-wave form (for which 

== I'I1I), it is only necessary to read the ordinate of each curve for 
nf’ == 50 X (1°111)?, ie, 617. As the curves are practically straight 
lines near this value, if we wish to determine total loss alone, it is only 
necessary to take readings for two different form factors (or frequencies) 
not very far apart, join the points obtained (by a straight line), and find 
where the ordinate at n f? = 61'7 cuts the joining line. This method of 
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different form factors is very useful when the frequency cannot be 
varied—for example, in working with a public supply circuit or when 
the alternator is inaccessible. There is no need whatever to use а 
sine-curve machine, provided there are no dimples in either the H or 
B curves. | 

Іп Fig. 5, however, much more has been included. (а) The points 
shown for n f° == о are the values of the hysteresis loss obtained for each 
ring by the ordinary ballistic method ; they are sometimes called the 
values of the “static hysteresis.” (b) The points below n f? = 50 were 
obtained by using lower frequencies. (c) A few of the higher points 
were obtained with frequencies as high as 7o No per second, the 
majority of the points, however, being for n 250 с) per second. 


TABLE I. 
Approximate Permeability at 
Sample. Thickness of | Resistivity at 15° C. Bec oon Static n. 
Sheets. ns 
Millimetre. Microhm-cm. : | 
143 0'24 17'3 1,379 0'00384 
591 0'46 12:6 1,868 0'00215 
505 O'50 126 2,512 | 0900158 
1470 2,878 000123 
4370 1,873 000155 
боз 2,820 0'00090 


Consideration of the curves in Fig. 5 leads to the following con- 
clusions :— 

г. For all the specimens except (P) the lines are practically straight 
and pass through the "static hysteresis" points. Hence, over the 
range of nf? shown, the hysteresis loss is constant, and the total 
loss per C сап be represented by the expression Е + G n f°, the two 
terms representing the hysteresis and eddy current losses respectively. 

2. The specimen (P), on the contrary, shows a curve which is by 
no means a straight line, but clearly bends in coming down to the static 
hvsteresis point. It also falls slightly at the higher values of nf’. 
Except for the intermediate part of its range, the total loss cannot here 
be represented by the expression F + Сп/:. It is interesting to notice 
that (P) and (505) are very similar in total loss and also hysteresis, 
except at the upper and lower ends of the range. 

The final conclusion is that, although some materials give excellent 
straight lines in the diagram of total loss for a wide range of frequency 
or form factor, other materials give lines that are distinctly curved, 
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indicating that the hysteresis loss increases considerably as the 
frequency is raised from o upwards. There seems no doubt that this 
effect must be attributed to magnetic viscosity (see Lloyd, loc. си.). In 
corroboration of this I may mention that, in the ballistic test of (P), if 
an additional evenly wound secondary circuit was kept closed during 
the test, a quite distinct alteration was shown in the values obtained for 
the permeability and hysteresis for Влах. = 10,000. The slight drop in 
the (P) curve at the higher values is probably due to “skin effect," the 
higher frequencies causing B to be not quite uniform throughout the 
thickness of the sheet. I should mention that several other samples 
gave lines bent similarly to that of (P). 

The above results appear to throw some light on an old standing 
controversy. Several observers have stated that hysteresis loss is 
practically independent of frequency (at the lower values), while 
others affirm that it varies with frequency and wave-form. Gumlich 
and Rose incline to the former view, and Lloyd appears to agree with 
them. It seems likely, however, that some of the experimenters have 
been testing specimens like (505) and (591), while others have had 
experience of more abnormal materials like (P). 


§ 5. EFFECT OF THICKNESS OF SHEETS. 


The experimental results for total loss at Bmax. = 10,000 are only 
strictly valid when the thickness of the sheet is such that Bmax. has 
time to get practically uniform throughout the thickness in each half- 
period. To investigate this point experimentally a set of specimens of 
different thicknesses, but of as nearly as possible similar material, were 
tested for total loss. The material was “electrical steel,’ made by 
Messrs. J. Lysaght, Ltd., who have kindly permitted the results to 
be published. 

Fig. 6, curve (a) shows the results obtained for eddy current loss 
with (mean) Bmax. = 10,000, and л == 50 СХ per second. In the same Fig. 
curve (5) is the theoretical curve calculated, on the assumption that the 
permeability is constant, by the formula of J. J. Thomson, as given by 
Russell The formula states that the eddy-current loss, for given 
constant permeability р, resistivity p, and frequency л, varies as— 


sinh 2ma—sin2ma 


cosh 2m a+ cos2ma' 
where— 


2 а = thickness of sheet 
and— 


т==2т ,/рпір, 


p being in absolute units. 

It will be seen that the two curves agree as well as could be 
expected, considering the uncertainty due to want of uniformity of 
material. For the smaller thicknesses the eddy-current loss is pro- 


* А Russell, “ Alternating Currents," vol. i., pp. 360 and 362. 


562 CAMPBELL: ОМ MAGNETIC TESTING OF 


portional to the square of the thickness of the sheet. Тһе agreement 
of the two curves in Fig. 6 only has reference to the variation in 
thickness, for they were arranged to coincide at one point. The 
absolute results given by the complete formula are less than those 
observed by large amounts varying from 10 to тоо per cent. according 
to the material, showing that the want of constancy of the permeability 
and the co-existence of hysteresis largely modify the conditions. 


$6. PROPER DIMENSIONS OF RING STAMPINGS. 


In almost all magnetic tests there arise difficulties due to the altera- 
tion of the material due to the mechanical processes used in preparing 


d 


Eddy current loss: Watts per kgm. 
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Fic. 6. 


the test-pieces, such as stamping, cutting, or turning. The greater the 
width of the test-piece (whether ring or strip), the less the result will 
be affected by the edge hardening. In the case of rings, however, the 
radial width must not be taken too large in relation to the mean 
diameter, otherwise the magnetic force will not be sufficiently uniform 
over the width, being greater at the inner edge than at the outer. Тһе 
same remark applies to almost any arrangement of strips, such as those 
used in building up the square of the Epstein apparatus. Thus, if it is 
not allowable to obliterate the effects of the mechanical treatment by 
annealing after stamping or cutting, the proportions of the test-pieces 
must be fixed by making a compromise between the two conditions— 
namely, maximum width of strip and greatest uniformity of H. 
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The question of the amount of error in the usual energy determina- 
tions, due to the want of uniformity of H, has been very fully worked 
out by Richter * for rings of rectangular section, and lately his results 
for the simple case, where the permeability is constant, have been 
clearly tabulated by Lloyd,+ who has also investigated the case of 
a ring of circular section. Lloyd points out that his results would 
be somewhat modified in practice because of the permeability not 
being constant Не mentions that the errors in the energy loss 
depend on the difference between (mean Bmax.)'® and the mean of 
(Ba.)'$ over the width of the ring. When working with Вал. = 
10,000, I found that the assumption of constant permeability may 
exaggerate the errors considerably. As this value of B has been 
much used in standard tests, I think it will be of interest to describe 
briefly my calculations. 

Let the ring (of rectangular section) be divided into a number 
of elementary annuli of equal radial width. If the mean radius of 
one of these be 7, then for that annulus Н = 2 М, топ r or Н ос ijr. 
If now the curve H B be known, we can find the value of B for each 
annulus, choosing the medial value near 10,000 for example. In a test 
of total loss it is the (mean Bmax.) that is observed, the mean being 
taken over the width of the ring, and the hysteresis loss corresponding 
to this value should be proportional to (mean Ва)“, but the loss 
actually measured by the wattmeter is proportional to the mean of 
(Ba) * The ratio of the first of these expressions to the second 
is accordingly the correcting factor to be applied 
to the observed hysteresis 1055. { 

As examples, I have in this way worked out the 
correcting factor for two actual rings, one of very 
low, and the other of high hysteresis constant 
(n = 0'00083 and n = 00042 respectively). Each 
ring (Fig. 7) had an inner radius of 6 cm. and an 
outer of 8*5 cm. For Bmax. = 10,000 the correcting 
factors come to 1'0008 and 1'002 respectively, 
showing that, for a mean diameter of 14:5 cm., FiG. 7. 
in each case the error in hysteresis is negligible 
with a radial width of 2:5 cm. If the permeability had been Р 
constant the correcting factor would have been about гот in both 
cases. It must be remembered, however, that for lower values of 
Bmax. (€.g., 5,000) the variation in permeability would often make the 
correcting factor greater than for constant permeability. 

We have investigated in various ways the effect of stamping, but it 
will be enough to describe one experiment. From a batch of carefully 
annealed shects two sets (1) and (2) of ring stampings were made, 
having radial widths of 1:5 and 2:5 cm. respectively. On testing each 


* Elektrotechnische Zeitschrift, vol. 24, p. 710, 1903.. 
1 Bullctin Burcau of Standards, vol. S, p. 435, 1909. 
t The index 1:6, though not necessarily the true value for some specimens, is 
near 'enough to indicate the magnitude of the correction. The method was pointed 
out to me several years ago by Мг. С. Е. C. Searle. 
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set the ratio of their hysteresis losses was found to be 1:076. If we 
assume that the same width of edge is hardened іп (1) and (2), then it 
is easy to show that the ratio of the loss for 2:5 cm. width to that for 
infinite width is 1126. Thus we see that even with a width of 2:5 cm. 
the stamping has increased the mean hysteresis loss by over 12 per 
cent. Some experiments show less and some more tban the above 
(according to material), but it is clear that for widths of the order of 
3 cm. the effect of stamping is considerable, and some allowance 
would have to be made for it if absolute, and not merely compara- 
tive results are to be considered. Тһе effect on the total loss will not 
be so great, as the eddy current part is not so much influenced. 

In conclusion, I have to express my best thanks to Messrs. ]. 
Lysaght, Ltd., for kind permission to publish results obtained on 
samples of their materials (e.g., those іп $ 5); my thanks are also due 
to Messrs. H. C. H. Booth and T. L. Eckersley, whose skilful assistance 
was invaluable both in the experiments and in the reduction of results ; 
and, finally, to Dr. R. T. Glazebrook, for his valued help and advice. 
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Proceedings of the Four Hundred and Ninety- 
fifth Ordinary General Meeting of the Insti- 
tution of Electrical Engineers, held in the 
Rooms of the Royal Society of Arts, John 
Street, Adelphi, W.C., оп Thursday evening, 
May 13, 1909— Мг. W. M. Мокркү, President, 


in the chair. 


The minutes of tbe Ordinary General Meeting, held on May 6, 
1909, were taken as read, and confirmed. 


The list of candidates for clection into the Institution was taken as 
read, and it was ordered that it should be suspended in {һе Library. 


The following list of transfers was announced as having been 
approved by the Council :— 
TRANSFERS, 
From the class of Associate Members to that of Members :— 


Rooke Ainsworth. Charles Frederick McInnes. 
Joseph H. Dobson. Hal Williams. 


From the class of Associates to that of Members :— 


Frederick P. Aulton, 
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From the class of Students to that of Associate Members :— 


Alfonso Castello-Sosa. Harry Reginald Mills. 
Richard P. M. Cauty. William Hugh C. Prideaux. 
Stewart N. Clarkson. Charles Ernest Sexton. 
Charles Wilson Crosbic. Ernest William Short. 
Alex. Lindsay Glegg. Alfred E. Turpin. 

Maurice Gregory. Frederick Ralph Unwin. 


Arthur Reginald Wood, 


Messrs. H. G. Solomon and Alan Williams were appointed scrutincers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 
As Members. 
George Leonard Andrews. | John Charles Taylor. 
As Associate Members. 
Charles Louis Almers. Arthur Dimmack. 
William Roxburgh Brash. Harry Joseph Fisher. 
Henry Burkinshaw. Colin Stuart Hann. 
John Henry Butters. Henry Hawkins. 
Walter Evans Chappell. Samuel James. 
James Frazer Clunas. Knud Christian Knudsen. 
John Collinge. Samuel Mathews. 
John Francis Crowley, B.A. Thomas Reginald James Orr. 
Joseph James Denton. Horace James Quilter, 


John Wilson Speight. 


As Associates. 


Licut. Manuel Moreno. | John David Morgan. 
Robert Vincotte. · 


As Students. 


Douglas V. Crowe. Ronald William Manifold. 
Frank George Griffith. Frederick Howard Souden. 


Donations to the Library were announced as having been received 
since the last meeting from Charles Bright, F.R.S.E., J. H. Dobson, 
W. Duddell, F.R.S., the Physikalisch-Technische Reichsanstalt, and 
the Smithsonian Institution, to whom the thanks of the meeting were 
duly accorded. | 


А paper (see page 567) by Mr. А. J. J. Pfeiffer, entitled * Economics 
of Medium-sized Power Stations: a Study of Comparisons between 
Steam, Gas, and Oil Engines," was read and discussed. 


The meeting adjourned at 9.45 p.m. 
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ECONOMICS OF MEDIUM-SIZED POWER 
STATIONS. 


А STUDY OF COMPARISONS BETWEEN STEAM, GAS, AND 
OIL ENGINES. 


By А. J. |. PFEIFFER, Member. 


(Paper received April 7, and read іп London May 13, 1909.) 


INTRODUCTION, ' 


Much has been written and discussed on the comparative merits 
and demerits of gas versus steam prime movers in central station 
practice, but comparatively little seems to be generally known of the 
rapid development of a third factor which is making itself felt in this 
ficld, and this is the internal combustion oil engine working on the 
Diesel principle. Although in successful operation for many years 
and covering a total of several hundreds of thousands В.Н.Р. in actual 
use, this type of engine up to quite recently was so limited in maxi- 
mum output per unit that it remained almost a negligible factor in 
power station development. 

Like the gas engine, however, the oil engine has received consider- 
able attention during the past few years, until to-day the largest single 
unit running has an output of 800 H.P., and manufacturers are prepared 
to construct units up to 4,000 B.H.P. 

The oil engine has, therefore, even at present a very considerable 
scope, and it is quite probable that the study of this type of economical 
prime mover will interest engineers connected with very large supply 
or power companies, who may find it profitable to consider it for 
their central stations as well as an alternative to sub-station plant, 
especially where transmission distances would necessitate large capital 
expenditure. 

The object of this paper is to give a short description of the 
principles involved in the modern internal combustion oil engine, its 
method of working, its advantages and limitations from the standpoint 
of economy of operation as comparcd with gas and steam engines. 

The following references to “ой engines " cover only those working 
on the Diesel principle, since only that type up to the present is con- 
structed in sizes large SUSPEN to be considered a factor in central 
station design. 
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THE INTERNAL COMBUSTION OIL ENGINE. 


Principles of Operalion.—As far back as 1862 Beau de Rochas, during 
his investigations to reduce the high consumption of gas per horse- 
power in the gas engine as developed up to that time, gave the first 
indication of the cycle of operation which formed the basis of the 
successful development of the gas engine as we now know it. He 
pointed out the importance of high pressures at the beginning of the 
working stroke, and also the possibility of igniting the charge by the 
heat of compression. 

This automatic method of ignition was made use of by Dicsel in his 
engines. 

The cycle of such an engine follows the 'general principles laid 
down by Rochas and is as follows :— 


1. Air at atmospheric pressure and temperature is drawn into the 
cylinder. 

2. This air is compressed to about 450 to 500 Ibs. per square inch 
and becomes heated far above the ignition-point of oil, {һе 
temperature being about доо“ F. to 1,000° Е. 


оо! in. 
400 
зоо 
209 


100 


Fic. 1.—Indicator Diagram of a Diesel Oil Engine. 


3. Ой fuel is blown into the cylinder 1? or 2? before the completion 
of the compression stroke (by means of air compressed Ву а 
special pump) at a constant pressure of 700 to 8оо Ibs. рег 
square inch, depending upon the nature of the oil uscd. 

During the first part of the stroke the combustion, over à 
period determined by the amount of fuel to be sprayed іп, 1» 
carried on at practically constant pressure, and thereafter the 
products of combustion do work by expansion (see indicator 
diagram, Fig. r). 

4. The waste gases are exhausted to atmosphere, the exhaust 
pressure at the cylinder being about 40 165. 


The principal difference between the Diesel oil engine and thc 
ordinary gas engine lies inthe fact that only the air used for combustion 
is compressed, the fuel being gradually injected after this compression 
of the air has taken place, the resultant great advantage being (ће 
elimination of the possibility of premature ignition, no sudden increas 
of pressure and, therefore, less strain on the working parts. 
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Manufacturers of Diesel engines are now following closely in the 
footsteps of the gas-engine development, and are adopting the 2-cycle 
and also the double-acting principle for large units, giving one, 
two, or four working strokes per revolution. To obtain the 2-cycle 
result, the principle of scavenging is resorted to by blowing fresh air 
at a pressure of 5 lbs. into the cylinder near the end of stroke 5, 
clearing out the waste exhaust gases, and filling the cylinder with a new 
charge : Strokes r, 3 and 4 of the 4-cycle engine are thus combined. 

While the above are the general principles which govern the 
operation of the type of oil engine under discussion, the following will 
be of interest as an outline of a typical plant and its general method of 
working :— 

Details of construction of parts will not be dealt with, as that does 
not conie within the scope of this paper. 

Fig. 2 shows an outline of a 3-cylinder single-acting 4-cycle engine 
of the vertical type, and Fig. 3 the general arrangement of a complete 
plant having five 400-k.w. units installed. 

As can be seen in Fig. 2, each cylinder is provided with three valves, 
viz. :— 

Exhaust, 
Inlet for air, 
Inlet for fucl, 


one cylinder, in addition, being supplied with a starting valve. These 
are opened and closed by cams and springs respectively, the cams 
being attached to the common shaft B having half the speed of the 
engine shaft. 

C represents the fuel pump, the plunger of which is driven directly 
from the vertical shaft S. By an arrangement of levers and eccentrics, 
connected to the governor, the time is regulated during which the 
suction valve is kept open, thus determining the amount of fuel for 
varying loads. In the earlier types of engines it was customary to 
provide each cylinder with its own fuel pump, but of late it has been 
found simpler to accomplish the feeding by one pump and fuel circuit 
for all cylinders, thus assuring an equal amount of fuel to cach 
cylinder at all loads. 

F represents the 3-stage air compressor direct coupled to (ће 
engine. This takes in fresh air, compresses it in three stages to 75 
400, and 750 Ibs. respectively, the air being cooled after each stage by 
passing through water-cooled chambers. 

The compressed air is stored in G (Fig. 3), and serves to inject the 
fuel into the cylinder against the high cylinder pressure. 

The air-starting reservoir H is connected by an overflow valve with 
the air-blast reservoir, and is used for starting the engine. 

K is a silencing chamber to reduce or eliminate the noise of 
exhaust. 

The water-circulating pump, marked L, serves to force cooling 
water through the water jackets of the engine cylinder, air pump, and 
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Fic. 3.—General Arrangement of Diesel Oil-engine Plant, 5 Units 
400 k.w. each. 


579 PFEIFFER: ECONOMICS OF (Мау 13th, 


cooling chambers, and from there up to the top of the cooling 
tower M. 

N is the fuel storage reservoir. 

O represents the fucl service pump for raising the oil from N to the 
overhead service reservoirs, from which the fuel is fed to the fuel 
pump by gravity. 

The engine is started off as an air engine by compressed air stored 
in Н during a previous run, the pressure being about 750 to 800 Ibs. 
per square inch. When the engine has attained practically full speed 
the fucl valve is made to engage the cam and ignition takes place. The 
starting-valve lever is at the same time thrown out of gear and the 
engine is ready for work. 

This operation is carried out by one man, and is completed in from 
I to 2 minutes. 

Thermo-dynamic  Efficiency.—An oil-cngine plant burning crude 
petroleum of about 18,500 B.Th.U. рег 1. has а thermo-dynamic 
efficiency far exceeding that of a steam or gas plant, this efficiency 
remaining practically constant over a wide range of sizes of units, and 
is about as follows :— 


Overall Thermo-dynamic Efficiency at Full Load. 


. Per Cent. 
Calorific value of fucl aint s ia 58 100 
Loss in exhaust, cooling, and radiation ... sai 55 
І.Н.Р. eee eee ee0 еее eee eee eee 45 
Loss—engine fricuon and air pump к isa 11 
Б.Н.Р. eee eee еге ese ees ese eee 34 
Generator loss at 91 per ceat. efficiency 25 3 


Efficiency of complete set at full load ... ss 31 


The auxiliary plant losses іп addition to the air pump are very small 
апа do not reach 3 per cent. 
For varying loads, the following figures are a close approximation :— 


Loans. 
à i Full. 
248 per cent. 2072 per cent. 305 рег cent. 


Sizes of Unils.—'The sizes of oil engines working on the Dicsel prin- 
ciple have, as above stated, increased rapidly of late. Three to four 
'vears ago а 450-B.H.P. unit was the largest actually running, while 
to-day there is in service a vertical 800-B.H.P. set of 4-cylinder single- 
acting 4-stroke type, having a speed of 150 revs. per minute. "This 
latter engine has only the cylinder and air pump water jacketed, and 
it is probably the limit of size to which engines can be constructed 
without having recourse to water cooling the piston, exhaust valves, etc. 
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For larger outputs some manufacturers are devoting themselves to 
the development of the 2-cycle engine, the largest at present running 
. being of 750 B.H.P., while others of equal repute are adhering to 
the simpler and less complicated 4-cycle principle, their latest design 
being based оп the horizontal twin-tandem double-acting type giving 
four working strokes per revolution, and on this design they are 
prepared to construct units up to 4,000 В.Н.Р. 

Reliability апа Simplicily.—As regards these two factors, so im- 
portant in the operation of a central station plant, this type of oil 
engine leaves nothing to be desired, aud as far as thc latter factor is 
concerned the oil-engine plant is certainly much superior to cither 
steam or gas. 

The engine is started up a few minutes before work is expected of 
it, and, in consequence, the costly standby losses of a steam or gas 
plant, especially at low load factors, are entirely lacking. АП labour 
in connection. with fuel handling and boiler or producer plant is 
done away with, and, in consequence, the wages bill of an oil-engine 
plant is about onc-half to two-thirds of that of steam or gas. 

On the advice of the writer a 1,000- B. H.P. plant was installed for 
the Howrah system of the Calcutta Tramways Company, the largest 
unit being 450 B.H.P. This plant has been running for almost а 
year without a hitch of any kind, having passed through the period 
of guarantee without requiring the slightest repair. 

Once the oil engine is thoroughly well installed and adjusted, there 
is much less to go wrong with such a plant than with either steam or 
gas, and the plant is, therefore, much. more fool-proof, an important 
consideration in countries and places where skilled labour is scarce 
ог very expensive. 

Overload Capacily.—Like a gas engine the overload capacity of 
an oil engine is limited to about 15 to 20 per cent., and this must be 
taken into consideration in connection with plants designed on very 
close margins between maximum loads and total kilowatts installed. 

Governing and Parallel Running.—The speed regulation approxi- 
mates easily to that obtained in a steam engine, and can be made to 
come to within 3 per cent., or even less, between no load and full load. 

As regards satisfactory conditions of parallel running, а speed 
variation of 1/25oth to 1/300th can casily be obtained with a 
q-cylinder 4-cycle single-acting engine with a small flywheel. То 
obtain the same result with three cylinders, however, requires a 
fivwheel of cast steel, the use of the ordinary heavy cast-iron fly- 
wheel being advisable only for speed variations up to 1/160th. In 
connection with the high limits for speed variation usually insisted 
upon, it will be interesting to cite the case of parallel running of two 
300-B.H.P. Diesel oil engines driving 50-сусје alternating-current 
generators in the works of the Daimler Motor Company, Coventry, 
where the flywheel was designed for a speed variation of 1/16oth, the 
two sets working together without the slightest sign of trouble. 

Noise and Smoke.—As central stations are, in a large number of 
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cases, located in or near densely inhabited districts the noise of 
exhausts must, of course, be eliminated, and this is done by means of 
silencers mentioned on page 570. Тһе noise can thus be effectively 
done away with so as to make it possible to operate a plant in the 
heart of a city without its becoming a nuisance. This is evidenced 
by a plant installed in the basement of a large business building in 
London. 

Another point to be guarded against in working an oil plant in 
cities or towns where restrictions are severe is that of smoke, which 
comes into evidence when engines operate below 1 to } full load, the 
cause being the imperfect combustion of the oil fuel. 

For plants having low load factors, therefore, it will be advisable, 
in addition to the advantage of economy, to put in at least one small 
unit to cope with light loads, or possibly to instal accumulators. 

Fuel and Fuel Supply.—In considering the oil engine from ап 
operative standpoint one of the first thoughts that strikes one perhaps 
is, " What is the reliability of fuel supply and the possibilities of price 
fluctuations 2" 

It may not be generally known, but it is a fact that the type of 
engine under consideration can burn almost any liquid fuel; but 
generally, and especially in Great Britain, petroleum residue from 
the Dutch East Indies, Texas, and Roumania is used, while on the 
Continent gas oils and paraffin oils are successfully employed. 

Of late a new source of oil fuel has been found, and that is 
gas plants. Carburetted water gas plants, of which there are a great 
many in Great Britain, in connection with which gas oil is used to 
enrich the illuminating gas, give off an oil tar as by-product which 
lends itself admirably as oil-engine fuel, having a calorific value of 
about о that of crude petroleum or about 16,500 B. Th.U. per lb. Such 
fuel oil has already been used for some time past on the Continent 
in connection with Diesel oil engines. 

Then, again, amongst the by-products of a retort gas plant using 
bituminous coal is a tar oil, this containing asphalt which has to be 
removed before the oil can be used. 

As crude petroleum is found in a great many parts of the world, as 
indicated by black dots in Fig. 4, and as new fields are being con- 
tinually discovered, the reliability of supply and price fluctuations may 
be regarded as no worse than coal. 

Crude petroleum residue costs at present between 505. and 555. 
per ton at ports in England ; in South America about 6os. per ton, and 
in Indian ports about 45s. to 508. per ton. | 


COMPARISONS OF CAPITAL AND OPERATING COSTS FOR STEAM AND 
Gas versus Оп, PLANTS. 


As this paper is intended to cover only comparisons of medium- 
sized stations, it will be possible to base calculations upon actual 
experience with Diesel oil engines, leaving the possibility of utilising 
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larger units and the study of their relative economies to be investigated 
by the engineer as occasion requires. 

In a comparison 'of economy of operation between the three types 
of installations, the more important factors to be considered are :— 


Fuel consumption. 
Load factors. 

Fuel costs. 
Labour costs. 
Capital costs. 


After having worked out the comparative limitations of economy 
for cach type, there still remains to give duc consideration to the factors 


/ 


E 


è 3 г Е 


5 


о 
N 
> 


Fic. 5.— Plant Load Hours. 


of reliability and simplicity ; but as these are considerations governed 
to a large extent by individual opinions, they are perhaps best left ош 
of the following calculations. 

Details of Plant chosen as Basis of Comparison.— Let us assume the 
case of a plant dealing with a maximum effective load of 1,600 k.w. and 
consider three types of loads having the following annual load factors :— 


( . B.Th.U. x 100 ) 
maximum load x 8,760 


Lighting Load. Lighting and Power Load. Traction Load. 
17:5 рег cent. 33 рег cent. 52 per cent. 


On Fig. 5 are shown graphically the plant load hour curves resulting 
from the ordinary daily load characteristics over thc twenty-four hours 
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of these three types of loads. These curves indicate the periods during 
which certain loads on the station are maintained, and for the sake of 
simplicity it is assumed that these characteristics are the same for every 
day in the year. 

The divisions of engine units are assumed as follows :— 


Load Factor. 
| 17:5 рег Cent, | 33 per Cent. | 52 per Cent. 
! i RU „дыз a eu а р а. ак ie 
Five 400-k.w. sets к Four 400-k.w. sets Five 400-k.w. sets 
(1 reserve) (1 reserve) (1 reserve) 
! 

One тоо-К.№. set Two 200-k.w.sets | = 
| Бекке кен ЕМГЕН 
© 2,100 К.м. installed 2,000 k.w. installed 2,000 k.w. installed 


For all the above it is assumed that 5 (1 reserve) units are provided 
for both boiler and producer plants. 

Capital Costs of Complete Plants.—In arriving at the capital expendi- 
ture involved for a complete plant, the following factors have to be 
given due consideration :— 


Class of machinery. 

Refinements of plant to obtain maximum economy. 

Class of building. 

Nature of foundations required. 

Cost of sites. қ 

With all these items appearing as variables, estimates of costs may 

be made to diverge considerably. The following figures of costs are 
based on high-grade plants throughout :— 


(a) Steam Plant. 
I. Machinery, etc. 
High-speed vertical compound engines with 
direct-coupled generators. 
Water-tube boilers, superheaters, and stokers. 
Condensers, complete with pumps. 
Есопопизегз. 
Cooling towers. 
Auxiliary pumps, etc. 
Piping. 
Switchboard and c ibling. 
Crane. 
Per kilowatt installed... soe ... ЖІбО 
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2. Buildings and Foundations. 
Stecl-framed structure, brick lined. 
Chimney. 
Coal bunkers, coal handling. 
Foundations for buildings and machinery. © 85 


Total per kilowatt ... .. ss 245 


(5) Gas Plant. 
1. Machinery. 
Vertical engines (single-acting tandem) with 
direct-coupled generators. 
Pressure-producer plant. 
All necessary auxiliary machinery. 
Cooling tower. 
Piping. 
Switchboard and cabling. 
Crane. 
Pgr kilowatt installed... ы uu. lS 


2. Buildings and Foundations. 
Stecl-framed structure, brick lined. 
Coal bunkers, coal handling, etc. 
Foundations. £60 


Total per kilowatt — ... .. ... 4235 


(c) Oil Plant. 
I. Machinery. 

Vertical 4-stroke engines, with direct-coupled 
generators, and all necessary pumps, air 
vesscls, etc. 

Piping. 

Auxiliary pumps. 

Cooling tower. 

Switchboard and cabling. 

Crane. 

Per kilowatt installed... — ... — .. 195 
For a 2-cycle engine the total cost 
per kilowatt... a ius ... 417$ 


2. Buildings and Foundations, 
Steel-framed structure, brick lined. 
Oil storage tanks, etc. 
Foundations. £55 


Total per kilowatt, from... ... 523 to £25 


From the above it would seem that the difference of capital outlay 
between the three high-grade plants is but nominal. Land value has 


- 
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not been taken into account, as that is too erratic a variable and is 
usually comparatively small. 


Fuel Consumplion and Thermo-dynamic Efficiency. 
(a) Stcam. 
To obtain a fair comparison with oil, a plant embodying 
most up-to-date characteristics to attain maximum 
economy has been assumed, i.e. :— 


Engines—compound condensing. 

Boilers—water tube, with superheaters and stokers. 

Economisers, ctc. 

Boiler ргеззиге—т5о lbs. per square inch. 

Superheat—10o? Е. 

Vacuum—25°. 

Steam consumption at full load, including auxiliaries— 
20'5 lbs. per kilowatt-hour. 

Coal—13,000 units. 

Water evaporated рег Ib. of coal—8 lbs. 


(5) Gas. 
Engine— vertical single-acting tandem. 
Producer— pressure. 
Coal—13,000 B.Th.U. per Ib. 


(с) Ой. 
Engine— vertical single-acting 4-cycle. 
Oil—18,500 B.Th.U. per Ib. 


The fuel consumptions on Table I. are worked out on the basis of — 


1. Consumption per effective kilowatt-hour output, 
2. Consumption covering standby losses, 


and to these totals is added a certain percentage to cover inefficient 
handling, loss in efficiency in the plant, due to fouling of tubes and 
pipes, etc. 

From the fuel consumption shown on Fig. 6 are derived thc 
following :— 


Overall Thermo dynamic Efficiencies. 


520 870 145 278 


Load Factor. ea Е ------- 
Steam Plant. EN о Gas Plant. Oil Plant. 
| Per Cent. d^ © Per Cent. Per Cent. 
175 117 257 
| 3370 739 133 273 
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These results show that even with a high grade and very efficient 
steam plant, the comparative thermo-dynamic efficiencies are approxi- 


mately as follows :— 


Oilengine ... и T .. тоо per cent. 
Gas engine ... is - ... 46 to 52 per cent. 
Steam engine aes Ке ... 22 to 30 per cent. 


Load factor 
а з © 
ft ft o 


о 1 2 3 4 5 6 7 8 9 10 
lbs. of fuel 


Fic. 6.—Total Fuel Consumption per Kilowatt-hour Generated. 


The superiority of the oil-engine plant as regards thermo-dynamic 
efficiency is attributable to two principal reasons :— 


I. Absence of standby losses. 

2. Greater cfficiency in the cycle of operation in the engine itself, 
the advantage gained over a gas engine in this latter respect 
being principally due to the much higher compression 
attained in the oil engine than is possible in a gas engine. 


Тһе above advantages are to a certain extent offset, however, by the 
greater driving losses of the oil engine, the mechanical efficiency of 
which, inclusive of the air pump, is only about 76 to 77 per cent. 

The thermo-dynamic efficiencies for steam and gas plants given in 
the table on page 579 seems to agree very closely with results obtained 
from actual experiences in existing large stations. 

If the overall thermo-dynamic efficiencies resulting from the 
assumed coal consumptions shown in Fig. 6 are plotted with respect to 
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load factors, it will be found that the curves will pass very closely the 
points representing average results of 20 steam plants (reciprocating 
engines and turbines) varying from 2,000 to 22,000-k.w. output, and 
TABLE I. 
Fuel Consumption. 
(Maximum Load, 1,600 k.w.) 


Steam Engine. Gas Engine. Cil Engine. 
Load Factor. | 
Lbs. per Unit Lbs. per Unit Lbs. per Unit 
Generated. Generated. Generated. 
B sve 2'69 | (D) ane ‚.. 1'660 | (1) ... ... 0'652 
| | (2 ... I'20 |(2) ... ... 07216 | (2) ... e. О 
175 ЕЕ | == 
per cent. | 3:89 1:876 | :652 
Ааа 20 % о78 | Add 20 % 0375! Add то % ооб; 
Total 158. 4:67 „Тога! lbs, 2:251 Total Ibs. 0717 
(1) ... 2'650 | (Г)... ... I'630 | (1) ... ... 0:630 
33° (2) ... 0440 | (2) ... ... 0'089 | (2) ... 4520 
per cent. . m 
37090 1719 0°630 
Add 15 % о4бо| Add 15 % о2бо| Add 74 95 0047 
Total lbs. 5:550 Total lbs. r979| Total lbs. 0:677 
e 
(1) ... 2'60 |(1)... ... I'620| (Г) ... ... 0°63 
52 (2) ... О'20 |(2)... ... 0'040 | (2) ... o 
per cent. 2:80 1:660 063 


"03 
Add ro % 0°28 Add то % олбо Add 5% ооз 
© Total Ibs. 305 | Total lbs. r820| Total Ibs. 006 - 


МОТЕ.— (т) == Lbs. of fuel per B.Th.U. generated, representing effec- 
tive work done. 
(2) == Lbs. of fuel per B.Th.U. generaled, representing 
standby losses. 


Boilers at 13 lbs. per 1,000 lbs. steam. 
Producer at 20 lbs. per producer hour. 


8 gas plants from 200 to 2,000-k.w. output, as set out in the appendix to 
the paper, “Тһе Use of Large Gas Engines for Generating Electric 
Power," * read before this Institution by Messrs. Andrews and Porter 
on February 11, 190g. 
* Fournal of the Institution of Electrical Engineers, vol. 43. р. 3. 1909. 
VoL. 48. 88 
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It will probably be possible to raise the efficiency of gas plants 
somewhat if the heat of the engine exhaust is made use of to aid in 
generating the steam required in connection with the producer plants. 


TABLE II. 


Tolal Works Cost per Effective Unit Generated. 
(Maximum Load, 1,600 k.w.) 


Steam. Gas. Oil. 
Load 
Factor. Pence per Pence per Pence per 
| Unit Unit Unit 
Generated. Generated. Generated. 
At 15s. per Ton. | At 25s. per Ton. | At боз. per Ton. 
Fuel sa ӛзі "T 0370 0'300 0'230 | 
Oil, waste, water, and!) | _. Le у | 
17'5 stores Rel Мат. ый ы 
| per cent. | | Salaries and wages... | 016 0:150 0'100 
| Maintenance and re- . қ b 
pairs 0'09 0'C9O 064 
— 0'200 | —— 0285 | —— 0206 
Total... its 0:666 0'585 0'436 | 
Fuel ss Ses is 0:286 0:265 0'218 
Oil, waste, water, and 
035 о 036 
33 stores Маза. p кы 
рег cent. || Salaries and wages... | О1ІО O'L10 0°070 
Maintenance and ге- | 4 
| | 0'07 о 0'050 
pairs У, же ENR е? ә 
-— 0215 | —— 0220 | — 0136 
Total. M. O'SOI 0'485 0:374 
| Hus ne. une od 0'247 0'243 0212 | 
Oil, waste, water, and | 
035 0'030 | 
2 stores we bin 99 0935 3 | 
рег cent.) | Salaries and wages... | 0085 0'080 0'054 | 
Maintenance and ге-) о с 
pairs o» seti о'обо иы 
--- 0175 | — 0175 | --- 01206 
Тога! ... -— 0'422 0418 0338 | 
| 


Total Works Cost.—On Table II. are tabulated details of the com- 
parative works cost under the well-recognised headings, and for thc 
various load factors assumed above. 


(a) Fucl.—Fuel costs were taken at arbitrary figures with the idea 
of obtaining two points on the works cost curve, Figs. 7 
and 8. 
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(b) Ой, Waste, апа Stores.—These figures approximate fairly 
closely to results obtained in operating plants of about the 
same size. 

(c) Wages and Salarics.—' This covers workmen, etc., and does not 
include management. It will be noted that oil-engine plant 
charges for this item are about two-thirds that of steam, 


Pence per К.М. Нг. 


о 22 4. 6 1 12 I4} 16 
Cost of coal per ton, іп shillings 


Fic. 7.—Steam Plant. Works Cost—Pence per Kilowatt-hour Generated. 


for reasons explained in paragraph on reliability and 
simplicity. 

(d) Maintenance and Repairs.—This is always a debatable figure, 
subject to great variations in different stations, and depends, 
of course, primarily upon the quality of the plant installed, 
how hard it is worked, the care taken, or the amount of 
abuse it is subjected to. Certainly the oil-engine plant 
having no boiler or producer plant to go wrong will be 
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lower as regards this item, and the figure assumed can 
probably be considered as fair. 

(e) Interest and Defreciation.—Depreciation is a factor involving 
so many variables that it is difficult to give a satisfactory 
rate to cover general conditions, and if obsolescence and 
inadequacy are likewise to be given consideration, the 
divergence of individual opinion becomes still greater. 


ia аус, С. Жы - 
о A. B8B. ю/ 16 20. 24. 2H. 32 564 40. 
Cost of coal per ton, in shillings 


Fic. 8.—Gas Plant—Perce per Kilowatt-hour Generated. 


As regards Diescl engines, experience with running 
plants covers about eleven years, and based on these results, 
coupled with the fact that the engines made to-day embody 
no radical changes in construction or operation, it is quite 
safe to assume that thc life of a Diesel engine is equal to that 
of a steam or gas plant. 
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Conclusions : (a) Parity Curves.—In Figs. 7 and 8 are plotted graphi- 
cally the results shown on Table II., for total works cost per effective 
unit of output for steam and gas plants respectively, at different load 


factors and varying prices of coal. 


The dotted lines are what may be termed “ parity curves,” the inter- 


$ 


96 load factor 


ы 
о 


10 


2- JE A 9 ю ш Wp У 20 

Cost of coal per ton — in shillings 

Fic. 9.—Steam versus Oil—Parity Curves. 

sections with the works cost curves indicating the price of coal at 
which the total works cost of steam and oil or gas and oil plants are 
equal, under various assumptions of oil costs. 

To arrive at a simpler basis of comparison, these intersecting points 
may be plotted in terms of coal cost and load factors, resulting in curves 


as shown on Figs. 9 and 10. 
With a given load factor and given cost of oi] fuel, one can at once 
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find the limiting price for coal, beyond which the oil-engine plant 
would be more economical, as for example :— 


With load factor... “ei ... 20 per cent. 
Ой пе! ... к m ... 605. per ton. 

6s. 4d. for steam. 
The limit of cost of coal per ton | ii бї E ап 


Load factor 


0 4. 8 122 160 20. 24/ 28. 352 39 49. 
Cost of coal рег боп, in shillings 


Fic. 10.—Саз versus Oil—Parity Curves. 


(b) Savings Effected.—1f we go a step further than the “ parity 
curves " shown on Figs. 9 and то and plot the savings per kilowatt-hour 
effected by the oil-engine plant under certain assumptions of constant 
oil fuel costs and varying coal costs, we arrive at results given in the 
curves of Figs. 11 and 12, where cost of crude petroleum has been taken 
at 6os. per ton, which is a close approximation to the average selling 


price in Great Britain, 
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These curves cover savings in works cost only. There still remains 
to consider the effect on these curves of the following fixed charges :— 


I. Interest and depreciation. 
2. Management, office expenditure, etc. 
3. Rents, rates, and taxes. 


As the capital costs of high-class steam and gas plants of medium 


I:O 
15% 
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d 50% 
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3 
od 
о 4 20/ _ 2А/. 32 _ 36; жо 


5 п 16. 28/ 
Cost of coal —  shillings per ton. 
Fic. 11.—Steam versus Oil—Savings Effected by the Oil-engine Plant in 
Works Cost per Kilowatt-hour Generated. 


Coal = 13,000 B.Th.U. per ІР, 
Oil = боз. per ton. 
(Steam consumption based on 20'5 lbs. per kilowatt-hour for full load, 
including auxiliaries.) 


size seem to be practically equal to those of oil-engine installations, the 
savings shown will not beappreciably affected by the charge for (1) interest 
and depreciation, which remark likewise holds good for (2) manage- 
ment, etc., which can be considered a constant for the three types of 
plants. 

Charge (3) will show an additional saving, due to the less land 
area required for an oil-engine plant, but in the large majority of cases 
to be compared this will probably not be an important factor. 
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Referring again to Fig. 11, it should be borne in mind that the 
savings indicated are based on comparisons with high-class economical 
steam plant using coal of approximately 13,000 B.Th.U. per lb. Should 
the steam consumption be higher and the B.Th.U. of coal lower than 
these made use of for curves in Fig. 11, the savings will be considerably 
greater, as shown on Fig. 13, where— 


Steam consumption ... dus ... 26 165. 
Coal aes уз Vue oe ... 11000 B.Th.U. 
ОИ cost ... о  ..  .. 60$. рег ton. 


о g- 16/. 24/. 32/- 40. 
Cost of coal per боп, in shillings 


FiG. 12.—Gas versus Oil = Savings Effected by the Oil кап! 1 іп Works 
Cost per Kilowatt-hour Generated. 


Coal = 13.000 B.Th.U. per Ib. 
Oil - 60s. per ton. 


(c) General.—The above results show that the internal combustion 
oil-engine working on the Diesel principle possesses advantages both 
from a technical as well as a commercial standpoint, which will make 
this type of prime mover a most important factor in future central 
station practice. 

Its limit of application depends primarily upon relative fuel costs, 
which for Great Britain would mean that it probably cannot compete 
with steam or gas engines in the immediate neighbourhood of coal 
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centres; but as these cases, after all, are restricted in number, a very 
large field seems open for the consideration of this type of oil engine. 
For colonial and foreign work where coal costs are high, it undoubtedly 
possesses overwhelming advantages. 


r2 Coal = 11,000 B TRU. per Ib. 
Oil = 60/- per ton. 20% 
i Steam consumption based on 
26105. per KW. Hr. for full load, 
including auxiliaries. 
L-O 30% 
40% 
50% 
L 
5 
o 
$ 
79 
8 
2 
Ф 
o 
О. 
o 
а. 
o ~ Y- 10 20) 24/ 28/- 527 sy 40- 


12/- 
Coal cost in shillings рег ton 


FIG. 13.— Steam versus Oil—Savings Effected by the Oil-engine Plant in 
Works Cost per Kilowatt-hour Generated. 


COMPARISON OF CAPITAL AND OPERATING COSTS ОЕ SUB-STATION 
DisTRIBUTION versus LOCAL OIL-ENGINE PLANTS. 


The superior economy within certain limits of fuel costs of the 
Diesel engine in central station work leads to the question whether 
a Diesel plant can successfully compete with, or rather, take the place 
of sub-station distribution, especially in connection with very large 
systems where generating costs are low. 

The divergence of conditions governing sub-station practice is much 
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greater than that for central station work, and therefore a general 
basis of comparison with oil-engine stations proportionately more 
difficult. 

While in sub-station practice the costs of converting machinery 
per kilowatt are generally confined within well-established limits, this 
is not the case with the transmission system, the cost of which, 
apart from distance, may vary considerably, depending upon the 
type, size, method of laying, nature of pavement; etc. 

Available site is another point of importance, which may con- 
siderably influence capital costs. 

Suppose we take the case of a large distributing system іп 
London,* having an outlying central station feeding ten sub-stations, 
each sub-station having the output and size of the oil-engine plant 
considered in the foregoing. 

Transmission by means of high-tension underground cables, each 
station being debited with 5 miles of duplicate cable. Conversion by 
means of transformers and rotaries. 

Maximum load on each sub-station, 1,600 k.w. 

Loss in transmission and conversion, 14 per cent. 


Capital Costs. 

Sub-slations.—If the sub-station plant is worked out оп the assump- 
tion that the overload capacity of the converter sets is made use of 
to the extent of 15 per cent. in excess of the Diesel engine at the times 
of maximum demand, the resultant normal rating of the running 


machinery required — e I,400 k.w., and allowing 25 per cent. 


for spare, the plant installed at cach sub-station would be 1,750 k.w., 


as against 2,000 k.w. of oil-engine plant. 
6 per Kilowatt 


Installed. 
Plant ids T m s ane se 4°75 
Building ... Б Sag гав А des 2'00 
Гапа si ей jii Је: € "ie 3°25 
f$10°00 


Total for 10 sub-stations, £175,000 


Тғапѕтіѕѕіоп.—5 miles X 10 X £3,000 per mile of duplicate 
cable = £150,000 

Central Station.—Assuming a diversity factor of 1°25, the capacity 
of the central station would be as follows :— 


Kilowatts. 

Running machinery T ... 12,750 
Plant installed (allowing 20 pem cent for 

spare) ies ees sus vis ... 15,500 


* Some of the following figures for capital and operating costs were based 
on figures given in the paper by Mr. J. Н. Rider, on “Тһе Electrical System of 
the London County Council Tramways,” read before this Institution (fournal of the 
Institution of Electrical Engineers, vol. 43. p. 235. 1909). 
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If the cost of the central station is taken at £20 per kilowatt,* this 
including £6 for buildings and £2 for land. 


Total for central station, £310,000. 


£ 

Total Costs.—Machinery ... ues jd 269,000 
Buildings and works P -— 128,000 

Land ... Les ЗРНА WR 88,000 
Transmission ES iss es 1 50,000 

£035,000 

OPERATING EXPENDITURE—WORKS Cost. 
Sub-station.—Pence per Unit of Sub-station Output. . 


Sub-station Load Factor. 


175 per Cent. | 33 per Cent. | 52 pcr Cent. 


Oil, waste, stores ade 45% 0'005 0'004 0'003 

Salaries and wages sie “з 0'070 0'055 0'040 

Maintenance and repairs иза 0'025 0'020 0'015 
S | 

• Total per unit € jos 0'090 | 0°080 | о'обо 


a aaa- aaa a aaaaŘŘŘŮĖŮaaaaamaaaae aee auaa s uaaa 


Central Station.—Pence per Unit of Central Station Output. 


Central Station Load Factor. 


25 per Cent. ! 49 per Cent. | 76 per Cent. 
Coal at 14s. per ton sis et 0°305 0'230 0'200 
Oil, waste, water, and stores... O'OIO 0:008 0'007 
Salaries and wages T 55 0°050 0035 0'028 
Maintenance and repairs ais 0'055 0043 | 07037 

| т а= 
Total per unit EN s 0'420 | 0:316 0'272 

| 


* Mr. Rider's figure for Greenwich Station is given as 22363 per kilowatt. 
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Total combined.—Pence per Unit of Sub-slation Output. 


Sub-station Load Factor. 


175 per Cent. 33 per Cent. ` 52 per Cent. 


Pence per effective unit ... 


Interest апа Depreciation.—l1f 5 per cent. be the interest and if 
depreciation is charged at the average rate of — 


Per Cent. 
Machinery  ... 426 iss «es Em Ба: 6 
Buildings* ... ET us T у is 2 
" Cablesetes vise. oma зи. М Ок ч» 9 


the following would be the additional charge per effective kilowatt- 
hour output of the sub-station :— 


Load Factor. M oC 17:5 per Cent. | 33 pcr Cent. 52 per Cent. 
РОАН КоА UNSER EN ER 
Pence per Unit— 
Interest " 07310 0'162 0104 
Depreciation 0226 0118 0'076 
pem qo | = - E ыы шы EEE ш Е а 
Total ... T 0'536 0'280 o'180 


————— ie aee a- ——. 


Conclusions.—I£ in connection with the ten local Diesel plants we 
allow £5 per kilowatt installed as the value of land, the total capital 
involved, based on 2-cycle engines, would be £560,000 as against 
£635,000 for the central station sub-station scheme. 

The table on page 27 shows the difference in total operating 
expenditure per effective unit including capital charges (management, 
rates and taxes, etc., not included). 

Judging by these results it is evident that under the above assump- 
tions the local Diesel plants can be operated cheaper than a system of 
a large outlying central station distributing power by means of con- 
verting sub-stations. 

It would seem therefore that engineers whose central station 
capital and operating costs are approximately equal to or higher than 
those assumed above will, therefore, find it well worth their while to 
give the Diesel engine due consideration in connection with either 
extensions to existing central stations, or in cases where it is a question 
of supplying power at points so far removed from the main station as 
to involve heavy additional capital and operating expenditure in 
connection with transmission and conversion. 


a 
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Cases may arise where conditions and considerations vary appreci- 
ably from the assumptions made use of in the foregoing calculations, 
but it is hoped that the method of arriving at the above results shows 
sufficient detail to permit of special problems being easily solved. 


Local Station Load Factor. 


175 33 52 
per Cent. per Cent. per Cent. 


А. Central station sub-station— 
I. Works cost—coal at 145. 
2. Interest and depreciation 


То... Eo € Ба 


0'580 0'447 0'376 
0'536 0'280 О180 


ГІІ6 07727 0'556 


B. Diesel plant— 
I. Works cost—oil at 50s. 
2. Interest and depreciation 


0'500 0'267 0'169 


Total... · | 0°896 обо5 0'472 
.| 0220 07122 0'084 


| 
9396 | 0338 | 0303 
Difference in favour of Diesel plants .. 


The author takes this opportunity of thanking those who have 
assisted him by placing information at his disposal to enable him to 
work out the above comparisons. 


DISCUSSION, 


Mr. J. H. Riper: This interesting paper, following so closely after Mr. Rider. 
that of Messrs. Andrews and Porter, shows the amount of attention 
now being given to the problem of the internal combustion engine, 
and the information which the author gives that the Charing Cross and 
Strand Company are putting in engines of this kind shows that they 
have at any rate a future before them. I am not, however, quite con- 
vinced that the time has arrived for me to advise the London County 
Council to scrap its power house and sub-stations and to put in Diesel 
engines in sub-stations. Before attempting to deal with any of the 
hgures the author has given, I wish to ask him if, in his reply, he will 
explain one point which is a question not of cost but of description, 
where he refers to the variations in the speeds of oil engines. I do not 
understand this expression, “a speed variation of таз,” because it is 
usual in talking about speed variations to speak of the percentage 
variation of the angle of velocity, and I do not know how he has 
estimated the amount. Mr. Pfcifter has done me the honour to refer 


Mr. Rider. 
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to some figures in my paper. On page 590, in making comparisons 
between the costs of a power station with sub-stations and the cost of 
Diesel engine sub-stations, he gives the cost of ten sub-stations as 
£175,000, based upon figures which I gave of the Shoreditch sub- 
station. He takes the plant as costing 4475 per kilowatt; building 
£2 per kilowatt, and land £3°25 per kilowatt. In my desire to be above 
suspicion in the figures which I gave, I took the most expensive sub- 
station we have on the whole system. I did not want anybody to say 
I was giving figures of sub-station costs which were very much lower 
than figures we had really paid. But the figures given here are actually 
the very highest, and the land at 23725 per kilowatt refers to a site that 
cost £10,000. We have sub-stations quite as large on land that cost 
only £825, in fact the average of the whole of our sub-station sites is 
only #4.000 and not £10,000. So that, as regards the land—and I could 
give a similar explanation with regard to the building—the author has 
gone quite astray in taking my figures as his basis on which to make 
out the costs of his sub-station scheme. "Then on page 591 the author 
gives the cost per unit of sub-station output. I am only able to deal 
with the figures in the middle column, those for 33 per cent. load 
factor, because they happen to coincide with my own experience here, 
and are relative to the figures in the column below of 49 per cent. load 
factor for the generating station. I do not know which sub-station the 
author had in his mind when giving the operating costs per unit as 
oo8d. I can give figures based on the whole of last year's working. 
They are not hypothetical figures at all; they are, for oil, waste, and 
stores for the same load factor, о'оота., and not o'oo4d.; salaries and 
wages, оодта., and not o'o55d.; maintenance and repairs, оооуа., 
and not o*o20d., making a total of only оодда. per unit for operating 
the sub-stations as against Mr. Pfeiffer’s figure of о'обод. The author 
has not taken any of these amounts from my paper ; they are figures 
which he must explain himself. Then in dealing with the cost per unit 
of central station output, he quotes the first three items from my paper 
—that is, coal, 0'234.; oil, waste, water, and stores, о'оода. ; and salaries 
and wages, 0'035d. ; but he does not take the figure which I gave, which 
was taken from actual results, of o'o18d. for maintenance and repairs. 
He takes instead a hypothetical figure nearly three times as large, 
viz., 0°043d. I do not know where that comes from ; it does not come 
from my paper. If you put the correct figures in, the total per unit of 
central station output оп a load factor of 49 per'cent. comes to 0:29 1d., 
and not 0:316d., which the author gives. In making comparisons of this 
kind for the purpose of showing the relative cheapness of a particular 
method of working, one has to be very careful with the figures. As 
my figures have been quoted, I am bound to explain that they were 
figures for the first half of the power house, and, as will be apparent to 
those who know the station, they were taken over a period during 
which the load was rapidly rising—that is to say, we had a much heavier 
load at the end than at the beginning. I am able to give some new 
figures based upon the actual costs since the 1st of January last, when our 
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load has been very much more uniform. Instead of the cost per unit 
being 0*291d., the correct figure is only o'261d., and the coal has gone 
down from 0:234. per unit to 0'197d., a result largely due, I may say in 
confidence, to the exceedingly good working of our turbo-generators. 
On referring to the author's table on the last page, where he draws his 
comparisons between a central sub-station scheme and a Diesel oil 
engine sub-station scheme, it will be seen that in the middle of 
the column for a 33 per cent. load factor he gives a difference in 
favour of tbe Diesel engine of o*122d. per unit, quite a big figure 
on a large output; but if we apply the corrections which I have 
just given and further modify his figures by raising the cost of oil 
from 505. to боз. per ton, the price which he gives elsewhere in the 
paper as being about the usual price in England, it will bring his 
figures up from о-боза. to o'641d., and ту figure at the top comes 
down from 0o'727d. for steam to 0°634d., which entirely transfers the 
advantage to the steam central station as against the Diescl engines. 
lt is usually said that figures can prove anything, and I do not want to 
labour the point, but I wish to make it quite clear that mine are figures 
which have been obtained in actual practice at steam-driven stations, 
whereas the figures given here for Diesel plant are hvpothetical. We 
have not any details of the prime costs, but only a lump sum per kilowatt. 
We are not informed of the actual running costs of any single job ; 
there is no name given of any case where the oil engine has been 
worked. I want to know whether the author seriously thinks that a 
Diesel oil-engine sub-station scheme is a practicable one in a large city. 
He has taken the costs, and he has put dawn so much per kilowatt for 
the land. It is one thing to buy a piece of land in a city to put down 
a motor-driven sub-station, where your plant is quiet and no compli- 
cations arise. It is quite another thing to buy a piece of land to 
put down an oil-engine sub-station where, as you will see from Fig. 3, 
you have to use not only oil tanks, but water-cooling towers, and 
silencers for getting rid of the noise from the exhaust. All those things 
iucrease the cost of the land and the trouble of working the plant. I 
should like the author in his reply to tell us something about the water 
used for the engines. He told us that it is necessary to cool the 
cylinders, and there is a cooling tower shown in Fig. 3. How much 
water is required? Does it evaporate largely from the towers? What 
temperature does it get to? and is it a nuisance in the neighbourhood ? 
The only other point, I think, is with regard to the small overload 
capacity of these Diesel engines, and in making comparisons between 
a Diesel sub-station and a motor-generator sub-station that must be 
taken into account. The author talks about a 15 to 20 per cent. over- 
load capacity. Our sub-station machines have from 50 to тоо per cent. 
overload capacity, and they often have to work at it for hours together. 
That must be taken into account in making any comparisons, and it is 
a most important factor in the satisfactory operation of a big system. 
Mr. W. B. EssoN : Many comparisons are being made at the pre- 
sent time between oil, gas, and steam engines for electricity generating 


Mr. Rider. 


Mr. Esson. 


Mr. Esson. 
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works. Some two years ago I had occasion to go into the subject mv- 
self, with a view to determining which was the best, not for a central 
station, but for factory driving on a large scale. At the current prices 
of fuel for plants working on suction gas, Mond gas, steam, and oil, it 
came out that for 500-Н.Р. sets a triple-expansion condensing engine 
with superheating beat all the other methods. Мг. J. F. C. Snell in 
the paper he read a year ago at this Institution, adopting the same line 
of argument, came to a similar conclusion. On the whole, steam was 
the most economical, and the others came afterwards. Ав regards the 
size of thc Diesel engine, it is quite true, as the author says, that large 
sizes were not available until recently. Only three years ago Messrs. 
Sulzer, who are makers of the Diesel engine abroad, constructed their 
first 300- H.P. engines, of which I purchased two on behalf of the Hong 
Kong Electric Company for their central station there, as they жеге 
giving up some of their older steam engines and putting in Diesel plant 
in their place. These engines have been уегу satisfactorv, and I сап 
give you the results of their working. They are 3-cylinder engines, 
having a 4-stroke cycle and running ай 160 revs. per minute. 
They are coupled to 200-k.w. alternators having a frequency of 75 
cycles per second, with flywheels to reduce the cyclic irregularitv to 
тїп зоо. I may say that the flywheels are of cast iron. The alter- 
nators have not been working in parallel yet, so I cannot tell you 
whether the cyclic irregularity is low enough for the frequency of 75 or 
not, though from calculation it would appcar to be all right. The 
switchboard arrangements are such that we can bunch groups of 
feeders on to any alternator direct, or we can run the alternators in 
parallel just as we please, so it will not matter very much whether they 
are run in parallel or not. The oil consumption has beem measured 
over a considerable period, and it comes out at o'72 lb. per unit 
generated with an average load of 125 k.w. on each machine. That is 
the average load, so they are probably working betwcen 3 and ; of full 
load. The author says a good deal about thermo-dynamic efficiency, 
but as a matter of fact, the thing we want to find out is what the 
fuel costs us at one end of the system, with all the costs intervening 
along the system, and what we get in units at the other end. That 15 
the real point. It is quite true that in the oil engine there are no 
standby losses, and provided that such engines as are running in the 
station are fully loaded, the oil consumption is practically independent 
of the load factor. But whether a good or bad case is made ош for 
the oil engine as compared with the steam engine depends on the 
amount of the standby losses assumed. There is with the steam- 
engine station a certain fuel consumption which is a variable 
depending on the number of units generated, and a constant fuel 
consumption which is practically independent of the number of 
units generated. According as this constant is large or small, a 
bad or good case is made out for the steam engine. I think the 
author has greatly exaggerated the standby loss as shown in the 
curve, Fig. 6. If one redraws the curve, and instead of the fuel 
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consumption per unit according to the load factor, shows the total 
consumption of fuel for particular load factors, we get the extra- 
ordinary result, that for no load at all in the station, when the fuel 
is simply used to make up the standby losses, its consumption is no 
less than one-third of the total fuel which would be used when the 
station is running at a load factor of 50 per cent. Of course that 
is absurd ; these standby losses are far too large. | Putting it in 
another way, the author's curve redrawn shows that the standby 
losses use up half of the fuel that the station would use when running 
with a load factor of 25 per cent. Any station engineer knows that thc 
standby losses in a steam station are nothing like that, and such 
figures vitiate in my opinion the whole of the authors arguments 
as regards the. comparison between the oil engine and the steam 
engine. These are the arguments of a special pleader, but I do not 
think they can be accepted. There is a very great danger in 
arguing generally on this question, and I think each individual case 
should be taken up and considered on its merits. А case came before 
my notice only recently in which I had to advise upon some plant 


Mr. Esson. 


for Calcutta. Іп the East oil is cheap and coal is dear, and the | 


people whom I was advising determined in any case to use oil. 
But the question arose as to whether we should have ordinary oil 
engines ог Diesel oil engines, the latter being, of course, very much 
more economical in fuel consumption than the former, the ordinary oil 
engine in the case under consideration using 87 tons of oil per annum 
whereas the Diesel engine used only 37 tons. Notwithstanding all this, 
it came out that it was cheaper to use the ordinary oil engine and 
87 tons of oil per annum than the Diesel oil engine with 37 tons per 
annum because the saving in fuel did not compensate for the interest 
and depreciation on the additional capital the latter involved. Another 
case came before me in which it had to be decided whether suction 
Баз or Diesel engines should be used, and the result took the same 
turn—namely, that although the suction gas cost more for fucl, there 
was not enough saving with the Diesel engine to pay for the interest 
апа depreciation on the extra capital. How the result will turn out 
depends upon the hours of running. Тһе author gives the cost of 
Diesel oil at 48s. a ton. One of the manufacturers of the Diesel 
engine іп the North told me the other day that Diesel oil delivered 
into his works cost 55s. a ton, and near London the cost of the oil 
is 31s. 6d. I conclude by emphasising the point that general arguments 
in such cases are not of much value. Тһе cost of fuel varies in almost 
every county, and therefore it is necessary to consider cases individually 
as they arise. 

Мг. Н. 85118 Dixon: I have had Diesel engines in use at a small 
station where steam plant was originally used, coal costs having 
become so high that on the advice of Messrs. Handcock and Dykes 
it was decided early in 1906 to instal Diesel engines. The results have 
amply justified the change, and there has been a large saving in the 
fuel costs, while an increased profit has been made in spite of the 

VoL. 48. 89 
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additional capital charges. In such a small station, generating only 
170,000 units per annum, a fuel cost of 0°27d. per unit is very creditable 
and lower than many much larger stations accomplish with coal. Тһе 
total works cost was well under 1d. per unit. With regard to the work- 
ing of the engines, we ћауе-ћад Diesels in use for three years, and the 
total cost of repairs has been under доз. At another station, with which 
I am acquainted, Diesel engines have been working for the last five 
years, and a few pounds would cover the cost of repairs, for three 
engines, for the whole of that time. Тһе engine cylinders keep very 
clean owing to the perfect combustion, although using crude oil; 
indeed, there is less deposit on the piston-top than is found in the 
ordinary motor-car petrol engine. As a result it is only found necessary 
to draw pistons for cleaning once a year, valves being touched up with 
a little emery fortnightly. Тһе ease of working is remarkable, and the 
man who drives the plant at Leatherhead is the ex-stoker, who has 
been taught to turn on the compressed air for starting and to oil round, 
and up to the present there has been no trouble whatever. Quick start- 
ing is a great feature, and we have got away a 120-H.P. set and put it 
on full load in 45 seconds ; that is a feature which is most valuable in 
central station work. Should it be necessary to shut down a set for 
a hot bearing it is possible to get a second engine away on the load 
before the first has time to slow down. Тһе engines at the stations 
referred to are not of English manufacture, but were built by Sulzers ; 
the workmanship оп the engine is very good. There аге two engines, 
cach of 120 В.Н.Р., direct-coupled to direct-current generators. 

Mr. Н. W. Нахрсоск: Ав we were probably among the first to use 
Diesel engines, or at least to rely on them entirely for small stations, I 
thought possibly it might be of interest if we had a few figures looked 
up, going back for some years, to see what the results were that had 
actually been obtained, not on test, but on every-day working. 1 
should say incidentally, that I can quite bear out the very good report 
that Mr. Dixon has given us of the working at Leatherhead. Неге are 
some of the actual figures : In 1905, when the steam plant was at work, 
the cost of fuel per unit generated was 1'0444. and the total works 
costs 1'9334. In 1906 a mixed system was in usc, so that the figures 
for that vear are not worth very much. In 1907, when the Diesel ой 
engines had been installed, the cost of fuel had gone down to 032454. 
and the total works costs to 1'2384. ; while in 1908 the cost of fuel per 
unit generated was 0'2900д., and the total works costs 0°762d. So that, 
despite metallic filaments, we are fortunately able to show our share- 
holders quite a comfortable little dividend. During those periods the 
average cost per ton of oil delivered in tanks at the station at Leather- 
head was, in 1900 63s., 1907 66s., 1908 70s., and 1909 66s., so that the 
price is now coming down a little. There is one point in that con- 
nection I should like to mention, When we first started to use Diesel 
engines, oil was in the neighbourhood of 40s. a ton, and I do not think 
anything has unsettled us, and possibly others, more than the terrible 
fluctuations that we get in the price of ой. Some time ago we made 
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inquiries in the City, and we were told the price might go up to gos. a 
ton; others suggested it might come down to 355. If those who are 
interested in the oil trade could only see their way to give us a supply 
at a fairly even rate and make it a fairly regular commodity, I am sure 
the Diesel engines would be used much more extensively than they are 
at the present moment. I will turn next to a station which was turned 
over entirely to Diesel engines somewhat before Leatherhead—I allude 
to Hindhead. That is quite a small station, and fuel is very expensive 
there because of the distance it has to be carted, the altitude of the 
station being nearly goo ft. In 1904, with coal, the cost of fuel per 
unit generated with non-condensing plant, water being scarce, was 
167d. ; in 1906 for the Diesel engine it had gone down too'432d., and in 
1907 to0°356d. Taking it altogether there is no doubt that in small 
stations we have derived very great advantage from the use of Diesel 
engines. At the same time, I think it is only fair to say that in our 
experience they want more skilled attention than a steam engine. On 
the other hand, the repairs, if the engines are properly looked after, are 
practically nil. I may say, as the paper deals with gas as well as with 
00, that we have obtained equally economical results with the gas 
engine. There is no doubt that small suction plants can give an 
extremely good account of themselves. I am inclined to think that 
in the future the race between the two will be a very close one indced. 
The capital outlay on Diesel oil engines, as compared with gas engines, 
seems rather high, and that is a matter we must take into consideration. 
In laying out a plant for a company, the engineer naturally settles the 
depreciation fund in accordance with what ће believes will be the life 
ofthe engine. If, on the other hand, he is acting for a local authority, 
where the period of the loan is abnormally shortened, it may pay him 
to instal the gas engine as being cheaper, although under certain con- 
ditions with a dear fuel it may cost somewhat more to run it. 

Mr. Н. M. Sayers: There is no doubt at all about the extreme 
ейсіспсу of the Diesel oil engine, and one of the features of the tests 
made by many good authorities is the remarkable consistency of those 
tests. From 0'42 to 0°46 lb. per B.H.P.-hour covers the range of the 
tests at full load. Small engines are almost as economical as large 
ones, That is an advantage not shared by the steam engine, ог to 
nearly the same extent by the gas engine. Nevertheless, the Diesel 
oil engine has not made the progress which might have been expected 
from its proved superiority. It is interesting to consider why it has 
not done во. No doubt the natural conservatism of engineers and 
other people has had some influence, but it is not the only reason. 
The difficulty of getting information about the Diesel engines has been 
rather serious. For some reason or other the Diesel Company have 
never given information promptly ; they seem to look upon the Diesel 
engine as a sacred thing which is not to be spoken of lightly. Its 
dimensions and weight must not be given forth from the sanctum 
without very careful inquiry and consideration. This is an attitude 
which the ordinary engincer does not like. Не cannot understand 
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coyness on the part of a company. Тһе next item is the high price 
of the engines. The author gives prices which, so far as I can check 
them, are a little too low. I should say that for the sizes he mentions 
£20 per kilowatt is the correct figure ; that is an addition of 25 per 
cent. to the price of steam plant which he quotes. It is true that there 
is a saving on the buildings, and that no boilers or gas producers are 
needed. But the purchaser of the plant makes no saving. He does 
not get boilers or gas producers, but he has to pay the price of them 


.to the engine builders. It looks as though the prices of the Diesel 


engines have been carefully worked out to make the total cost of 
engine and generator up to the price of a high-class steam- or gas- 
engine plant complete. I venture to suggest that that is a mistaken 
policy. The most important thing, however, which has delaved the 
use of the Diesel engine is the uncertainty as to the supply and price 
of oil. In my own experience the price has ranged from 425. to 755. 
a ton. That is anuoving and disturbing. One cannot confidently 
recommend the choice of a plant for which the vital material varies 
so much in price. He is sure to hear of it if the price goes up and 
expectations are not rcalised. Is it likely that that uncertainty will 
continuc? I venture to think not. Іп the first place, the Diesel 
patents will run out before many years have passed ; there will be 
a larger number of Diesel engines used, and with that larger number 
I imagine the number of sources of supply of oil will increase. Н may 
not be generally recognised that a great amount of fuel oil could be 
produced in this country, if it was worth while, from materials which 
exist in great abundance, small coal for example. If bituminous coal 
is distilled at a low instead of a high temperature it gives otf a small 
amount of gas and a large amount of oil. I believe that average bitu- 
minous coals will give off about 70 gallons of high-class fuel oil per 
ton. That is about 1 ton of oil per 4 tons of coal. If 1 ton of oil will 
do the. work of 4 to 5 tons of coal, the carriage of the oil will be much 
more economical than the carriage of coal, and the total cost at the end 
of a fairly long railway haul may be less than that of the equivalent 
coal. Oil pipe lines from the coal-pits to the big towns may assist 
materially in solving the power distribution question. The amount of 
coke left behind from 4 tons of bituminous fuel is about 2 tons; there 
is also a little gas, and the gas and some of the coke would provide the 
power for the pits, the heat for distilling, and so forth, and probably 
leave some over for sale for other purposes. Then, again, lignite will 
produce good oil. I believe there is a very large lignite oil industry 
in Germany. From some figures given іп Mr. E. T. Milly's book on 
“Destructive Distillation,’ I find that from бо to 65 per cent. of the 
lignite is converted into oil products, of which about three-quarters 
consist of oil suitable for fuel for Diesel engines; the rest is pitch. 
Peat can also be distilled, and will give out a fair amount of ой. There 
was at one time a paraffin oil industry in Ireland using peat as the raw 
material. That was nearly half a century ago, but the trade was killed 
by shale oil and American petroleum. Speaking of shale reminds ше 
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that the shale which is generally used by the Scotch oil producers is 
not the shale which gives the greatest quantity of oil per ton. Мг. 
I. T. Redwood says, “Some of the shales that show the smaller yields 
of crude oil are often far more valuable to the companies than the 
shales that give twice or thrice the quantity of crude oil. This is due 
to the fact that the crude oil resulting from shales or coals that give 
a large yield generally contains very little paraffin wax, but large 
amounts of illuminating and lubricating oils, the latter of low specific 
gravitv and poor lubricating quality." But it would be very good fuel 
oil; so that if there is a demand produced by the wider use of these 
engines it appears to me there are ample sources in this country, 
independent of the artificially manipulated mineral oil market. 

Mr. LEONARD ANDREWS: The author has been good enough to refer, 
on page 581 of his paper, to the table of overall thermo-dynamic 
efficiencies contained іп our recent paper on “The Use of Large Gas 
Engines.” He states : “It will be found that the curves shown in Fig. 6 
will pass very closely the points representing the average results of 20 
steam plants and 8 gas plants." I have hada diagram prepared showing 
therelation of the author's curves to the actual thermo-dynamic efficien- 
cies recorded in our paper, and it will be seen that these curves do 
agrec very nearly with the average results. Гат afraid, however, that 
those of us who are interested in the development of internal combus- 
tion engines must face the fact that the steam-plant efficiencies we 
shall have to compete with ми! be somewhat higher than the average 
results that have been obtained up to the present time. Іп the com- 
parison between gas and steam plants in our paper we assumed that 
the steam-plant efficiencies would be about ro per cent. higher than 
the average efficiencies published, and in Fig. A I have now shown an 
amended curve то per cent. higher than Mr. Pfeiffer's steam curve. I 
think it will be agreed that this amended curve truly represents the 
steam-plant efficiencies it is reasonable to expect for load factors rang- 
ing from 10 to бо per cent. in cases where continuous supply has to be 
maintained. Mr. Rider's result, as published in his recent paper, is 
shown at А. It will be seen that this is slightly below the efficiency 
I consider attainable, but, as he has just told us, he has already obtained 
better results with his new steam turbines. Some of the recorded 
results are higher than my amended curve; but this is, I think, due 
to the fact that these installations are running under abnormal plant 
factors, secured by entirely shutting down the installations for a certain 
period every day, the supply being, in some cases, maintained from 
other stations. Mr. Píeitffer's gas-engine curve may, I think, be taken 
to represent correctly the overall efficiencies attainable with gas engines. 
The difference between the stcam and gas curves corresponds to a 
saving of approximately 14 lbs. to 2 Ibs. of coal per kilowatt-hour, the 
heating value of the fuel being 13,000 B.Th.U. per lb. It would be 
instructive if Mr. Pfeiffer would complete this diagram by showing 
a number of actual overall efficiencies obtained in existing oil-engine 
stations. Не has already given us а hypothetical curve for oil engines, 
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but it would be of far greater value if he would show what relation this 
curve bears to actual recorded results, as I have endeavoured to do with 
his steam and gas curves. I find that the figure Mr. Esson has just 
given us of 0°72 lb. of oil per kilowatt-hour is equivalent to a thermal 
efficiency of 25:8 per cent., assuming the calorific value of the oil to be 
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18,500 B.Th.@. perlb. This agrees with the ашћог 5 figure fora 17:5 per 
cent. load factor. 

Where I disagree with the author is in his estimates of fuel costs, 
both for gas and steam as compared with oil. I think, in the first place. 
as regards steam, he has taken the price of coal much too high Гог an 
average result throughout the country. As one or two speakers have 
said, it is very difficult to compare these results, because the price of 
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coal varies so tremendously, but I think 155. а ton is certainly too high. 
The price of 25s. per ton which he has taken for the gas plant is worse 
still; I cannot understand why he has taken this figure. Result B in 
my diagram was obtained with coal costing 9s. a ton, and the other 
results were obtained with coal costing about the same figure. The 
author probably has in mind anthracite coal, but no one would think 
of using anthracite in a 2,000-k.w. producer plant, unless the locality 
was such that it could be obtained at a lower price than bituminous 
coal. I think 125. per ton is an outside figure to allow as an average 
for either steam or gas to compare with oil at 6os. per ton. If we 
accept the author's figures for relative efficiencies and take the cost 
of coal at 12s. a ton, instead of 255., both for steam and gas, the total 
works costs for а 33 per cent. load factor come down to 0'455 for steam, 
O'374 for oil, and 0°348 for gas; which confirms Mr. Handcock's expe- 
кіспсе that there is little to choose between gas and oil as regards works 
costs. The only other remark I have to make is that, although I was 
very much slated а few weeks ago for talking about £14 per kilowatt 
as representing the capital cost of steam plant, no one has objected to 
Mr. Pfeifter's hgure of £24'5 per kilowatt. 

Мг. Н. S. RussELL : The author's remark that comparatively little 
seems to be known about the Diesel engine in this country is hardly 
correct, because to my knowledge there are a number of station 
engineers at the present time who are contemplating their use, and 
a great many others who are considering them for new stations not 
yet put down. Although the paper refers to medium-sized stations, 
there is a large field for Diesel engines in this country in smaller 
stations, and also for light load sets in large stations which have low 
load factors. I do not think engineers, as a rule, have sufficiently 
studied the great economy that can be obtained, even in existing 
steam stations, by the use of Diesel engines to supplement their 
present plant. There were some tests taken recently at Birkdale, 
where there are three go-k.w. sets, two of which are steam and one 
Diesel. When they ordered the Diesel set the original idea was to 
use it for the peak load ; but having got it, they tried the experiment 
of running the Diesel for twenty-four hours and using the steam for 
the peak load. The total cost per unit, running with the steam plant, 
for fuel, lubrication, water, and wages came out to ri3id., but by 
running the Diesel for the twenty-four hours, and using the steam sets 
at the peak, the total cost for the energy was reduced to o'615d. ; that 
is to say, running the Diesel engine for the twenty-four hours, and 
using the steam for the peak, in spite of the standby losses with the 
steam plant, they reduced their cost per unit by 45 per cent. What 
has been done there will be done in many other stations. Оп page 570, 
with reference to the fuel pump, the author says, “In the earlier types 
of engines it was customary to provide each cylinder with its own fuel 
pump, but of late it has been found simpler to accomplish the feeding 
by one pump and fuel circuit for all cylinders, thus assuring an equal 
amount of fuel to each cylinder at all loads.” И is a fact that in the 
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early Diesel engines there was a separate fuel pump to each cylinder, 
but later on that was abandoned, and a single plunger pump is uscd ћу 
most of the Continental makers to supply all the cvlinders. The 
practice of one British firm has been to use one pump with a separate 
plunger to each cvlinder, and I think all will agree that equal distribu- 
tion of fuel to the cylinders at all loads is much more likely to be 
attained with a separate plunger than by having a single plunger and 
depending on the thick viscous oil being distributed equally. Another 
advantage in working with a separate plunger for each cvlinder is that 
owing to the way the pump of the Diesel engine works, and to the fact 
that the governing of it is done by varving the time during which из 
suction valve із open, it is quite simple to arrange a device by which 
the suction valve can be kept open for any cylinder, and the oil can 
be returned to the pump reservoir, Іп 3- ог 4-cylinder engines 
one or more cylinders can be cut out by keeping the suction valve of 
the pump open and returning the oil. Therefore with a varying load 
the engine will run more economically. At Lewes with a 4-cvlinder 
Diesel engine, when they start the Diesel engine they start up as a 2- 
cylinder engine, and then put the third and fourth cvlinders in as the 
load comes on. 

The PRESIDENT: How is the balance affected? Does it run 
steadily under all those conditions : 

Mr. RussELL: Yes, it runs perfectly. The fuel costs at Lewes 
taken over the whole average load are o'24d. per unit, the oil at present 
costing’ 515. 3d. a ton, so that that would correspond to a consumption 
of about 0'7 or 0°72 Ib. per unit, the figure that Mr. Esson mentioned. 
There is another point that the author referred to in his paper, and 
that is the 2-stroke cycle engines. The author speaks of them as if 


they were something new. It may interest him and some others here 


to know that 2-stroke cycle engines were made in this country seven 
years ago—in fact опе of them was exhibited at the Glasgow cx- 
hibition in 1901 or thereabouts—but they were found unsatisfactory 
and were abandoned. I think it is а mistake for the author to think 
that the use of a 2-stroke cycle engine will necessarily cheapen the 
construction of the engine. The limitation in Diesel engines, as in 
all internal combustion engines, is determined by the heating. It is 
very attractive at first sight to think that by using the 2-stroke cycle 
instead of the 4-stroke cycle it will be possible to get twice the 
power with the same size of cylinder and stroke, but really that ts 
not so, because with twice the power the engine is generating twice 
the heat, and this cannot be got rid of. In comparing a 2-stroke 
with a 4-stroke cycle engine, it will be found that the 2-stroke 
cvcle engine will only run at half the speed, and therefore there is no 
gain in cost. I should like the author in his reply to, kindly сопћгт 
the figure he gave for the cyclic variation with the Daimler Motor 
Company's sets, because it seems to me that the variation of 41; is 
rather bad for paralleling alternators. Most alternator makers in this 
county insist Оп зу ОГ уду. The author mentions on page 574 that below 
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! to 4 full load smoke from the engines comes into evidence. Our 
experience is that all our engines will run quite smokelessly down to 
ког fo full load, and if, in addition, a device is provided to cut out 
cylinders by using the multi-plunger pump it is possible to go still 
lower. Our opinion is that the engine is not working satisfactorily 
unless it is absolutely smokeless ; no engine should give any smoke at 
all from the exhaust except just for the few minutes when it is being 
started. ар. Several criticisms have been made about the author's 
figures. Mr. Rider said, for instance, that he considered them quite 
hypothetical, and that he would like to hear of some figures obtained 
in actual practice, and some of these have now been given. From the 
hgures I have been able to get, I must say I quite disagree with 
Mr. Andrews that the author has dealt too leniently with oil-engine 
stations, and if he has erred with the Diesel plants at all, һе has made 
their costs higher than they actually are. I am collecting costs from 
several stations—I can only deal with small stations—and I find іп 
the published figures of the stations which are using suction gas 
plants, and some of them very modern gas plants, in this country, 
there is not a single one which seems to be able to work at less than 
2d. а unit total costs, whereas I have been able to get costs of several 
Diesel plants where the total costs come to o'4d., о'5а., and о-64. per unit. 
The author seems to think that the Diesel engine takes as much 
lubricating oil as a gas engine. That is absolutely wrong. In the 
first place а Diescl engine uses quite a cheap grade of lubricating oil. 
We pay 15. 2d. per gallon for our oil, and we use the same oil for 
lubricating the cylinders and the bearings ; and from long trials and 
actual experience we find that the amount of lubricating oil used 
amounts to only 14 to 2 per cent. of the fuel oil. The actual cost of 
those items in two small stations where they are running Diesel plant 
with fairly low load factors, much smaller stations than the author 
refers to, is as follows: Cost of lubricating oil, waste, water, and 
stores, 0025 per unit in one case and оо21 per unit in the other ; whereas 
the author puts them down at оо42. Then, I think, people do not 
realise how long the Diesel engine has been made in this country. 
The author refers to cleven years' experience. Аза matter of fact the 
hrst Diesel engine was made in this country thirteen years ago. "That 
particular engine was taken down last year and removed to Stockport, 
where it is has been re-erected and is working again. We made a 
careful examination of it, and found that all the parts were in excellent 
condition. With regard to the supply of fucl oil, Mr. Sayers scemed 
surprised because the price of fuel oil for the Diesel engine varied by 
50 per cent., from 48s. to 72s. ; but I think it is within the experience 
of all of us that coal prices have varied quite as much as that. If 
Мг. Sayers would refuse to recommend his clients to use Diesel engines 
because of the variation in the price of oil, he must also refuse to use 
coal at all because of the fear of a coal strike. His fear that the morc 
extended use of Diesel engines will make any alteration in the price of 
oil seems to me unfounded. It is the fact, I believe, that the hundreds 
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of thousands of horse-power of Diesel engines which аге at present 
working in the world consume less than 4555th part of the total oil 
production at present known, and as the sources of oil are being 
constantly extended, it seems to me that we can turn those hundreds 
of thousands of horse-power into hundreds of millions of horse-power 
without affecting the price of oil. 

Mr. W. H. BoorH : I greatly deprecate the discussion of questions 
respecting the relative costs of different engines, because it seems to 
mc, as Mr. Esson has told us, that every case has to stand so much by 
itself that no general proposition can be put forward which will teach 
us anything. When we consider that there are about 350,000 Н.Р. ог 
Diesel engines at work, it must be very evident to all of us that the 
Diesel engine is a possible competitor to be reckoned with. Some 
years ago I was making a test of a few of these engines. Assuming 
the B.Th.U.in a Ib. of oil to be 19,300 (I was pretty confident that 
there was not quite that amount of calorific capacity in the oil), I 
found that the I.H.P.-hour cost from 0'29 to 0°33 lb. of oil, and on the 
В.Н.Р. the cost came between 0'69 for quarter load up to 0449 for full 
load. With the full-load test giving 0'449 there was a hot bearing, so 
that that amount of oil seems to be pretty low. І would also remark 
that in all the tests I have made—and I have compared my own tests 
with tests made by other people—I have noticed that Diesel engines 
might almost be used as a clock. If a Diesel engine be put on toa 
brake and we measure the oil it uses, we can tell how long a time it has 
been running, so regular is the consumption. It is absolutely necessary 
with the Diesel engine that things should be in good order, because 
the pressures are high, апа unsatisfactory working, or entire break- 
down may result if it is in bad condition. "That is, unfortunately, not 
the case with the steam engine. We are all very fond of the steam 
engine because it will always run. I know it is often held up аза 
virtue in the steam engine that one has only to turn on the steam anà 
it will turn round; but this may often be at great expense. But the 
gas or oil engine only runs with great difficulty when it is іп poot 
condition, and I think that may be accounted a greater virtue still. Itis 
a virtue, of course, in the steam engine that it will always run till it 
breaks down; but it is good policy that an engine should not run 
unless it is in a condition to run economically, and that is probably 
more true of the Diesel engine than any other. In one of the tests I 
made І noticed that the exhaust was exceedingly hot, and that the 
exhaust pipe was rather small. The result was that we had а соп- 
siderable back-pressure, and we got something less than 31 per cent. 
thermal efficiency on the basis of the figure which I gave for the 
calorific capacity of the oil for the B.H.P. Had that exhaust pipe 
been larger I believe we should have got quite 31 per cent. In some 
tests in Belgium I got 44 per cent. efficiency on the I.H.P., and 31 per 
cent. on (ће В.Н.Р. In one of the stations of the British Electric 
Traction Company, a sub.station, I got from 4o to 44 per cent. 
efficiency for the 1.H.P., and 30 per cent. for the B.H.P. Considering 
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the enormous temperature of the exhaust of the Diesel, and the large 
pressure at which it comes out, it has occurred to me that possibly 
something might be done in the way of using thc exhaust in turbines, 
except that we know that turbines are very inefficient when worked 
with a back pressure. It is not possible to condense the exhaust gas 
from a Diesel engine so as to obtain it in liquid form, but it may be 
condensed in bulk. I think when turning away gas at about 900" ог 
1,000? F. it would be advantageous to cool the exhaust before final 
discharge, so as not to have such an enormous amount of atmosphere 
to be pushed away by the exhaust. Тһе atmosphere is taken into the 


engine at ordinary atmospheric volume, and it is exhausted at more . 


than double that volume, and that means a considerable amount 
of work. I went into the figures, and I found that there might be 
about 3 per cent. saved by cooling the exhaust. Recently I went into 
the question of using oil engines for an installation of 1,500 H.P., and 
comparing the cost in rupees of coal and oil I came to the conclu- 
sion that the Diescl engine would be more efficient—that is, it would 
be cheaper. The unfcrtunate part of the matter was that stcam 
was required; but I came to the conclusion that there would be 
economy, even if we had to put down a steam boiler, to give steam for 
certain operations. Мг. Sayers referred to the question of obtaining 
Diesel oils from different materials, but he omitted to state that 
Kimeridge clay contains a considerable amount of oil, pitch, paraffin, and 
various other hydrocarbons. For some time there was a manufactory 
at Poole, where a considerable amount of paraffin wax and other 
hydrocarbons were made. Then there is a very small area in this 
country where there is a bed of lignite, which I have proved to be 
over 60 ft. in thickness, and I believe that this lignite would be found 
to be full of hydrocarbon. It is also full of sulphur, so that that would 
decrease its use as Diesel engine fuel. Reference was made by one 
speaker to the amount of water necessary for cooling the Diesel 
. engine. That isa matter that can be easily calculated, because about 
three-tenths of the total heat passes into the water-jacket. There is 
one point I should like to ask the Diesel Company, or anybody who is 
interested in the Diesel engine, and that is, Why cannot we apply gas 
to the Diesel engine? It would be a very simple matter to compress 
gas and use it as a fuel in the Diesel engine, spraying it in with air as 
the oil is sprayed in. I believe, originally, Diesel's intention was to use 
not only oil, but also gas, and even solid fuel. One cannot see very 
much good in using solid fuel owing to the gritty nature of the pro- 
ducts, but I see no reason why the Diesel principle should not be applied 
to gas. Another speaker referred to the great difficulty of obtaining 
the dimensions of the Diesel engine. І have had no experience 
of that particularly myself, but I have had a good deal of difficulty 
in getting dimensions from makers of internal combustion engines 
generally. Му experience is that the internal combustion engine is 
extremely modest about its internals; it will never give one any 
dimensions. 


Mr. Booth. 


Мт. 
Ромзоп. 


Mr. 
Pfeitter. 


608 PFEIFFER: ECONOMICS OF (Мау 13th, 


Mr. J. E. Dowson (communicated): As regards the heat efficiency 
of the oil engine, page 572, I understand that of 100 heat units put into 
the engine only 55 аге lost in the exhaust and cooling, and that 45 are 
converted into indicated work, although the exhaust leaves at a 
pressure of about 4o lbs. per square inch. This statement, if correct, 
is certainly favourable to the Diesel engine, and I would ask the author 
to be good enough to give his authoritv for the figures he has put 
forward. Independent tests have no doubt been made, and all who 
are interested in internal combustion engines will doubtless be glad to 
have full information on this important point. I note also that the 
friction of the enginc, pump, etc., are said to absorb only 11 per cent., 
whereas on page 550 it is stated that the mechanical efficiency is only 
76 to 77 per cent., and I shall be glad to know if the 11 per cent. is 
really correct. 

As to the gas plant, I understand it is of Фе pressure tvpe, but there 
is nothing to show what the plant consists of beyond the statement 
that there are four or five large units (one in reserve), and one or two 
smaller ones. On page 574 the author says that for light loads there 
should be small units for the oil engine, to prevent пшзапсе from 
smoke, but no such precaution is necessary with gas power. Also with 
onc gasholder serving all the engines there is no need to have the same 
number of producers as of engines. There could be three large 
producers (one in reserve), instead of five smaller ones, and the number 
of scrubbers would be reduced proportionally. The heat efficiency ot 
the gas plant would also be higher, and the standby losses would be 
smaller, if there were fewer producers with fires in them. Unfor- 
tunately I cannot come to close quarters with the estimated capital 
ошау, as the author gives no clue аз to how he arrives at his estimate of 
£23 105. per kilowatt. It would be more satisfactory if he would give 
the items of cost for steam, gas,and oil. My own estimate of a suitable 
gas plant would be considerably under his. As regards the fuel for the 
gas plant, it is priced at 25s. per ton, but if coke or bituminous coal 
were used, having a calorific power of 13,000, the cost would be much 
less. I have а 500-H.P. plant working satisfactorily with bituminous 
coal, near. Birmingham, where the coal costs only 85. 6d. per ton 
delivered. Even anthracite in the Midlands costs less than 25s., and из 
calorific power is over 14,000. I think the author should make this 
necessary correction, and he will see that it affects several of the curves 
and figures he has put forward. 

Mr. PFEIFFER (іп replv) : In connection with the discussion. con- 
tributed Бу Мг. Rider, which deals mainly with the points raised in 
comparing motor generator sub-stations versus Diesel stations, he 
criticises my estimates for capital and operating costs of a central 
station-sub-station scheme as dealt with in my paper, and which toa 
certain extent were based on the figures contained in his excellent 
paper on the L.C.C. system. In his remarks he has given us a number 
of interesting figures not brought out in his original paper, and which 
are, as a rule, very difficult to obtain. 
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Mr. Rider first points out that taking sub-station costs based on his 
Shoreditch figures are entirely misleading, and that instead of £10,000 
for land, the average cost of all his sub-stations works out closer to 
£4,000. This latter figure, based on the same capacity as for the 
Shoreditch station, would represent as the cost of land £1°33 per 
kilowatt installed, and not £325 per kilowatt as I assumed. Perhaps 
Mr. Rider will see no objection to the introduction of a similar modifi- 
cation in my estimates of land in connection with the Dicsel plants. 

The interior building space of the Shoreditch station seemingly 
works out at о'од square yards per kilowatt installed. For the Diesel 
engines about :— 


0°36 sq. yds. for 4-stroke slow-speed engines, 
0°30 sq. yds. for 4-stroke high-speed engines, 
0720 sq. yds. for 2-stroke slow-speed engines— 


this after making liberal allowance for free space. This space could be 
reduced quite 50 per cent. if land costs were very high, the oil storage 
tanks, water cooling apparatus, etc., being placed in the basement 
of the building, as is being donc in the case of 3,600 B.H.P. Diesel 
station in the heart of London. 

Allowing, for the sake of argument, a ratio even as high as 3 to r for 
land required, this would bring the cost of land per kilowatt of the 
Diesel sub-stations to £4 per kilowatt installed. If these modifications 
are interpolated, the relative capital expenditure would be £601,400 
for the central station-sub-station scheme, and £540,000 for the Diesel 
scheme. 

Mr. Rider next comments on the estimated central and sub-station 
operating costs, pointing out that his sub-station results are lower than 
the figures I assumed. While his expenditure for oil, сіс., wages and 
salaries, will probably continue the same, it is very much open to 
doubt, and most improbable, if. experience with other plants is anv 
criterion, whether his maintenance and repair charges, which amount 
at present, after a comparatively short period of operation, to 0'0074. 
per kilowatt-hour, will remain at anything like such a low figure during 
the average life of his plant. This figure of 0'007d. represents £134 per 
annum on a plant having a maximum load of 1,600 k.w. and a load 
factor of 33 per cent., or about 1 per cent. on the total capital expended 
for plant and buildings, according to the estimate in the paper. It 
might be interesting to obtain Mr. Rider's figures on this item, say 
three or four years hence. Не will then, perhaps, not fall far short 
of the figure I have assumed. 

The same comments apply to the maintenance and repair charges 
for the central station. Mr. Rider objects to my estimate of 0°043d. 
per kilowatt-hour, since his present charges are only о’о184. 

These last two figures, applied to the estimates in the paper, 
represent 2; per cent. and 1 per cent. respectively on the capital 
expended for plant and buildings. If Mr. Rider continues to keep his 
figures of maintenance and repair down to anywhere near his present 
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results, viz., 1 per cent. of capital outlay, with plant working at a load 
factor of about 50 per cent., he will be exceedingly fortunate. If he 
still considers this possible, he will again, perhaps, allow me to take 
advantage of his figure of т per cent. for maintenance and repairs and 
apply it to the estimate of works costs for Diesel sub-stations, although 
relatively I consider this figure too high. А Diesel plant, having a 
maximum load of 1,600 k.w. with 2,000 К.м. installed was estimated to 
cost about £46,000 for plant and buildings. One per cent. on this 
amounts to £460, which at 33 per cent. load factor represents o'o24d. 
per kilowatt-hour, reducing the works cost of the Diescl sub-station 
plant from 0:338 to 0'312 per unit. 

Taking note of all these changes, adopting the actual latest results 
of the Greenwich station works cost, making corrections for interest on 
lesser land values, and still keeping oil fuel costs at the estimate of 
505. per ton—since oil, even as far back as six months ago, was 
contracted for in large quantities to be delivered in London for sub- 
station work at 48s., the comparison on the last page of the paper 
is not modified to the drastic extent which Mr. Rider suggests, but is 
as follows :— 


A. Central Stalion-sub-slalion. 


33 Рег Cent. 
Load Factor. 
d 


I. Works cost—Coal at 14$.  ... Jis ... 07354 


2. Interest and depreciation ... ac s 07271 
Total sos ... 0625 
B. Diesel Plant. 
I. Works cost—Oil at 505. m sag ... 0"312 
2. Interest and depreciation |... 48% ... 0262 


d 


Total -— ... 07574 
Difference in favour of Diesel, 0'051d. per unit. 


It is perhaps noteworthy that Mr. Rider did not criticise the estimate 
for transmission costs, nor did he comment upon the efficiency of 
transmission and transformation assumed, viz. 14 per cent. which 
is most probably better than he would have been able to give for 
his own installation, and which in itself directly affects the power costs 
on the direct current side of the sub-stations. — Even if his average 
efficiency of transmission and conversion reaches 82 per cent., the 
difference of o'o51d. per unit is raised to ообда. This would still 
be further increased if the maintenance and repair charges were given 
their probable average values, which in my opinion will be consider- 
ably higher than 1 per cent. for the steam and sub-station plant as 
stated above. However that may be, the difference in operating cost 
between the two types of installations is but small, and I can therefore 
quite understand Mr. Rider's reluctance to look upon a substitution 
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of his large system by local Diesel plants in anything but a sceptical 
wav, for undoubtedly a large number of Diesel plants are more difficult 
to place and operate in a city than motor-generator sub-stations, due 
principally to external considerations. It is quite evident that the 
higher the load factor of the system, the less favourable the Diesel 
plant becomes, as compared to a transmission and transforming 
system, and while the adoption of local Diesel plants might be out 
of the question for a very large up-to-date traction system such as 
Mr. Rider's, it will most probably be quite the reverse, not only with 
new lighting systems, but more particularly in connection with the 
development and extensions of existing systems (whether traction, 
light or power) where the economy of operation is comparatively much 
inferior to the excellent results attained by Mr. Rider. 

The Charing Cross, West End and City Electricity Supply Com- 
pany, seems to bc-the pioneer in adopting large oil-engine plants for 
sub-station work. "This company for the past nine months has operated 
a 1,000 B.H.P. station, and is about to start another of 3,600 B.H.P. 
Both these stations are located in the heart of London—one at АП 
Hallows Lane, Cannon Street, the other at Drury Lane. Other 
instances of smaller city installations, such as a 100-k.w. (single unit) 
plant in Peter Robinson's building, Oxford Street, may likewise be 
pointed to as showing that the working of this type of plant in cities is 
by no means attended by serious drawbacks as regards external 
considerations. 

Referring to the amount of water required for the engine and the 
temperature attained, it will be sufficient to say that the cooling water 
carries off about 28 per cent. of the heat. From this can be calculated 
very closely the amount of water required within certain limits of 
temperature of the water inlet and outlet. 

If the average oil consumption is 077 lb. per. kilowatt-hour, and the 
oil has a calorific value of 18,500 B.Th.U. per №., the heat carried ой by 
the water is 3,640 B.Th.U. This last value, divided by ten times the 
difference of inlet and outlet temperatures in degrees Fahrenheit, 
gives approximately the number of gallons of circulating water 
required per kilowatt-hour. А rise of 75? in the circulating water 
would therefore require approximately 4:48 gallons per kilowatt-hour. 

Mr. Rider ends by commenting upon the limited overload capacity 
of the oil engine. That steam engines, and also motor-generator sets, 
have a large advantage in this respect permits of no doubt ; but after 
‘all, very large overload capacities, however desirable, are only really 
necessary in special cases. То operate machinery at тоо per cent. 
overload for two hours gives one the impression that there must be 
something wrong with the rating. 

Mr. Esson begins his remarks by the statement that two years 
ago be had occasion to study the subject of the best type of plant to 
instal for factory driving on a large scale, and he adds that at current 
prices of fuel a 500-H.P. steam set, triple-expansion condensing 
engines, with superheat, beats all other methods. He says nothing of 
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the type of load, load factor, cost of fuel, etc., but makes an unqualified 
statement that steam beats both gas and oil. 

Under certain conditions I have no doubt that this was the case. 
There 15, after all, nothing so novel in his statement, for, if he studies 
Fig.g in my paper, he will sce that, for a load factor of 50 per cent., 
steam and oil plants of the size in question are оп а par, from the 
standpoint of operating cost, when the respective fuel costs are 10s. 
and боз. per ton, or with 3o per cent. load factor with fuel at 8s. and 
боз. per ton respectively, etc. It is easy to find certain districts where 
coal is сһсарег and oil more expensive, and in such places a steain 
plant is undoubtedly operated cheaper than an oil plant, but it is ИКс- 
wise the case that in many places coal is considerably higher and oil 
lower than the figures given above, and in such cases the advantage is 
reversed. When claims of superiority are made, one ought at least to 
be informed about relative fuel costs, not to mentiory load factors, etc. 
“Fuel at current prices" means nothing. 

I drew up my tables and curves plainly enough to permit the сазу 
interpolation of all variable factors, such as fuel, wages, etc., so as to 
facilitate the study of individual cases having to deal with maximum 
loads approximating to 1,600 Клу. I do not, like Mr. Esson, pick out 
a certain size of oil engine, and without any reference to the factors 
involved say that it is superior to steam or gas. Contrary to what 
Mr. Esson believes, I am not a special pleader for the oil engine, but 
still a staunch advocate of the steam engine, which, for certain pur- 
poscs and under certain conditions, cannot be beaten by either the gas 
or oil engine. My object was to ascertain under what conditions апа 
limitations the oil engine is superior to either steam or gas, and this 
I have shown in the parity curves, Figs. 9 and то. Surely it does not 
require much study to understand them. "These curves depend, of 
course, primarily upon the assumed fuel consumptions, as shown on 
Fig. 6 of my paper, to which Mr. Esson takes such decided exception. 
It would have been more interesting, and perhaps more instructive, 
had Mr. Esson given us figures based on his experience, rather than 
to have indulged in a sweeping condemnation without sound argument 
to back it up. Ido not know whether he will accept the results of 
coal consumption of the 20 large steam stations as tabulated in the 
appendix to Messrs. Andrews and Porter's paper already referred to, 
but until he has something better to offer I will base my reply проп 
these figures. 

On Fig. B I have reproduced the curve of fuel consumptions, for 
varying load factors, which formed the basis of my calculations for a 
steam plant having a maximum load of 1,600 k.w., the size of units 
being доо k.w. The dots represent the coal consumptions of the 
20 large steam stations above referred to, the actual tabulated figures 
all having been reduced to the common basis of 13,000 B.Th.U. per Ib. 
One of the two dotted lines shows the average results for 7 stcam 
turbine stations, with varying load factors. It should be noted that 
the average of these 7 stations has а maximum load of 7,800; the 


^, Load factor. 
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lowest 5,700, and highest 22,200 k.w. If Mr. Esson will compare the M 


dotted curves of actual results with the full line curve which represents 
my assumptions, he will perhaps notice that the percentage of increased 
consumption, with decreasing load factors, is even greater than my 
assumption. Mr. Еззоп, in his remarks, apparently overlooked the 
fact that this increased consumption is not only due to standbv losses, 
but is in part attributable to the reduced efficiency of the entire plant 
with decreasing load factors. Perhaps this comparison will convince 
him that the steam engine plant did not receive the unfair treatment 
which he evidently thought it did. 


оо 


so 


фо 


50 


20 


10 • = actual results — stations with reciprocating єп тте». 
© - А “ — " » steam turbines. 
a reciprocating engines 
Sie ale ee a , „ « steam turbines. 
„ author's as;umplions for plant having а maximum demand of 1600 KW 


4 5 6 
Lbs. of fuel. ^ 


Fig B.—Total Fuel Consumption per Kilowatt-hour Generated. 


а = Largest station = 22,180 k.w. maximum demand. 
b = Smallest „ = 1,700 С) 
Average оѓ 20 stations = 7,000 


Both Mr. Dixon and Мг. Handcock contributed interesting figures 
of the running of small Diesel stations, and the former has been good 
enough to give me further details of his operating costs, which will be 
found in the table at the end of this discussion. The good results 
obtained from these stations confirm the opinion that a small Diesel 
plant is worked almost as cheaply as a large one, as regards fuel. 

Several speakers referred to the uncertainty as to the supply and 
price of oil, Mr. Sayers pointing out that the price has ranged between 
425. апа 75s. per ton. No doubt this has been a disturbing factor, 
which has to a certain extent retarded the more general use of the 
oil engine, but I am one with him in his optimistic view that as the 
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number and size of Diesel engines increase we shall see a more settled 
condition in-this respect. As pointed out by Mr. Russell, considerable 
price fluctuations even in coal, principally due to strikes, are not 
entirely unknown, and will, if anything, become more pronounced and 
frequent as labour increasingly asserts its so-called independence. 

Mr. Sayers touched upon another possible source of oil fuel, viz., 
the distillation of coal at low temperatures, and it may not be very long 
before oil supply from such sources may become a commercial pos- 
sibility. As a matter of fact, oil, suitable for driving Diesel engines, 
can already be obtained in limited quantities from a company whose 
process resembles that mentioned by Mr. Sayers, and who have begun 
to instal several plants in various parts of the country. 

Mr. Andrews, in his discussion, starts by commenting upon the 
relative thermo-dynamic efficiencies of the three types of plants com- 
pared, and while agreeing that my average assumptions for gas plants 
are a close approximation to results attainable, he points out that for 
steam plants it would have been fairer to take efficiencies то per cent. 
higher, as per the dotted curve on his Fig. А. I quite agree with him 
that the modern steam plant efficiencies are higher than the average 
results obtained hitherto, but I still maintain that the results plotted on 
my curve are attained by but very few modern installations having the 
output and size of units which formed the basis of my comparison. I 
only know of one medium-sized steam plant, the results of which 
exceed my assumptions somewhat, and I think it will be conceded that 
its working is exceptionally favourable. The plant to which I make 
reference is located in South America, and consists of three 750-k.w. 
direct-current generators. The engines are of the compound con- 
densing type, working at 155 lbs. pressure. 


Superheat ... $i T ҚҰЙ 4.2250” F. 
Vacuum  ... РЕР see - ... 24 dn. 


The maximum load is 2,400 k.w., or very close to the total capacity of 
the station, while the load factor is 55 per cent. With best Welsh coal 
as fuel, having a calorific value of about 14,000 B.Th.U. per 1b., the fuel 
consumption is only 2:55 lbs. per kilowatt-hour, which represents an 
overall thermo-dynamic efficiency of about 9'5 per cent., as against 
my figure of 9 рег cent. 

Had the comparison in my paper been based on plants ОЁ 5,000 to 
10,000 k.w., permitting of the consideration of large-sized turbine units 
for the steam plant, then I should have felt inclined even to exceed the 
10 per cent. extra allowance for the steam plant which Mr. Andrews 
suggests, and I believe I should not have been far wrong in allowing an 
additional 15 per cent, and possibly 20 per cent., in efficiency for 
such plants, working under good conditions of load. 

Mr. Andrews suggests that I should plot actual results of overall 
thermo-dynamic efficiencies of oil plants along with my hypothetical 
curve, and this I have done on Fig. C, the points being derived from 
fuel consumptions of several stations, as shown on the table annexed, 
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Mr. Andrews evidently misinterpreted the object of Table IL, Mr." 
page 582 of my paper, for it was never my intention to limit the Peer 
comparison of the operating costs of the three types of plants to certain 


specific fuel costs. 
At the bottom of the same page I clearly stated that the fuel costs 


96 


tfficiencies 


Steam efficiencies e Reciprocating engine: 
О Turbine plant. 


40 50 60 10 80 90 100 
Load factor. ; , : 


Fic. C. —Overall Thermal Efficiencies. 


о 10 20 30 


in the table were taken at arbitrary figures, іп order to obtain the 
works cost curves on Figs. 7 and 8, which show the operating costs 
per kilowatt-hour for any cost of coal. Table II. was only given in 
detail to show how the various factors were arrived at, the crux of the 
paper being the parity curves on Figs. 9 and ro, which clearly show the 
limit of application of the Diesel engine, or, in other words, certain 
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coal costs below which the steam or gas plants would be cheaper to 
operate at given load factors and known costs of oil at any place. Аз, 
for example (see Fig. 9), if a steam plant works at a load factor of 
30 per cent., and oil costs боз. per ton, the operating expenditure of a 
steam plant would be the same as that of an oil plant, provided coal, 
having 13,000 B.Th.U. per 15., could be bought for 85. per ton. И coal 
cost less than this the steam plant would be the more economical ; if 
more, then the oil plant would have the advantage. 

Mr. Russell, amongst other things, differs with me on a few minor 
details, such as separate fuel pumps for each cylinder, costs of lubri- 
cating oil, &c., which do not require more answer than to say that all 
the advantages which he claims for the separate pumps are likewise 
attainable with a single combined pump, and, while interesting, I 
hardly think that the difference in cost of lubricating oil per kilowatt- 
hour between my assumed figures and the figures he gives would 
influence the choice in favour of a Diesel plant. Besides, in spite of 
what he says about cheap grade of oil, it is generally recognised that it 
is a mistaken policy to try to save on this item, whether in connection 
with steam, gas, or oil engines. 

Mr. Russell goes rather extensively into the history of the two-stroke 
engine, and tells us that this type of engine was tried and found wanting 
eight years ago, and abandoned. 1 seems useless to hark back to what 
took place eight years ago, for that is ancient history. The question is : 
* What is being done to-day ?” Мг. Russell certainly does not seem to 
have kept in touch with recent developments, and therefore he may 
possibly be surprised to learn that personally I have recently seen in 
actual practical operation a 750-B.H.P. two-stroke Diesel engine, 
working in parallel with water turbines, driving alternating-current gene- 
rators in a power station in Switzerland, and that I also saw exhaustive 
and very satisfactory tests on several 5оо-В.Н.Р. two-stroke high- 
speed sets destined for the Italian Navy. These machines were 
evidently not designed according to Mr. Russell's conception of a two- 
stroke engine, for an increased output of 80 per cent. and the same 
speed are attained with the use of cylinders of standard size and speed 
of the four-stroke rating. 

Mr. Russell's remarks about the excellent condition of a Diesel 
engine of an old pattern and type, after working for thirteen years, is 
most interesting, as giving a specific case of the durability of this type 
of prime mover, which bears out my contention, arrived at after a 
thorough investigation, that from the standpoint of depreciation the 
oil engine is at any rate equal to the steam engine. 

Amongst the many interesting remarks made by Mr. Booth, one 
especially struck me rather forcibly, since it touches upon a point 
which has interested me also, and that is whether gas could not be used 
in a Diesel engine instead of oil, thus taking advantage of the high 
pressures. К 

Theoretically it seems quite feasible, but whether practically it 
presents any difficulty I do not know. I атіпсіпеа to think, however, 
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that we shall shortly hear more concerning the development of this ME е 
idca. | 
In answer to Mr. Dowson's communication, I may say that the 
authority for my statement as regards the pressure of the exhaust is the 
indicator diagram on Fig. 1 of my paper, which is a full load card 
taken from a 400-H.P. engine. 
Regarding the гг per cent. he refers to, this is the percentage of the 
total heat in the fuel which is lost in engine friction and air-pump. 
To arrive at the mechanical efficiency of the set, however, this figure 
must be deducted from the percentage of the heat made use of bv the 
engine, viz, 45 per cent. The ratio between 45 and 34 gives (ће 
mechanical efficiency of the engine over the air-pump. 
In answer to the latter part of his remarks, I will refer him to 
my reply to Mr. Andrews's criticisms on the same point, since Mr. 
Dowson seems to have similarly misunderstood what I aimed at. 
He will perhaps find, after a little study, that my curves need no 
alteration. 


OPERATING RESULTS OF DIESEL OIL-ENGINE PLANTS. 


Қ Leather РИ . | Birming- | Hong Vera | 
Names of Places :— | head Coventry. Bain: Kong. Sian | 
а А | е | | 
Total kilowatts installed iue 164 430 420 400 2,100 
Maximum load on feeders ... «xx 125 | 405 400 >= 1,000 
Ахстаџе running load att uei жы | 303 EX 250 = 
Plant factor ves ну ЖТ m 70 50 E 
Station factor ... T" dos га == 75 25 ка : 
Annual load factor ... “ad Vis 1554 29 2 21'5 зор. cent. 
B Th.U. ... = ыг. ЧА — 170,000 517.05 753,100 ES 1.517.240 
Period covered " - 222 12 nos О mos. 12 mos, -- 7 mos. 
{ 
Average cost of oil fuel per ton. ... 703. Cos. 545. Od. 355. 405. 
Lbs of tuel per kilowatt-hour ... о?! 9095 0'703 072 0:71 
Overall thermodynamic сіпс:епсу 2570 26700 26'400 2570 26°20 
Operating Costs—per kilowatt-hour | 
Fuel ёге xis T es 0266 1 0225 о 202 0134 07152 
Oil, waste, &с. ... TT "T 0070 | 0'012 0030 5 = 
Wages |... yi Po 5% 0203 | ООО 07134 өші == | 
Maintenance and repairs PN 0:007 оо18 0055 — -- | 
Total T € ы 0635.. 054554. о'4 20d. — — 


The PRESIDENT: I ask you to pass a hearty vote of thanks to the he 
author for his interesting paper, which has given rise to such а uscful President. 
discussion. 

The resolution of thanks was carried by acclamation. 
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SOME TESTS AND USES OF CONDENSERS. 


By W. M. MORDEY, President. 


(Paper received May 14, апа read іп London May 20, 1909.) 


The idea of using condensers for providing idle leading current to 
compensate the idle lagging current due to self-induction in alternate- 
current working seems to have been first proposed іп 1801, in this 
country by Mr. Swinburne, and in France by Hutin and Leblanc.* 
The principle was not new. At the Crystal Palace Electrical Exhibition 
in 1891, Mr. Swinburne showed some paper condensers made for high- 
tension work. He also wrote and spoke оп the subject. + Hardly any 
progress was made so far as practical applications went. And then 
conditions changed and the subject no longer attracted attention. 
There was a period when the capacity of the cables in distribution 
systems in many cases provided a good deal of compensation, and we 
find Mr. Swinburne saying in his Presidential Address of 1902, that 
"it is hardly worth while discussing condensers now as there is 
generally excess of capacity in systems, so that the current leads 
relatively to the pressure.” 

But now the growth of the motor load is making a difference, 
and in many cases there is a real need for the improvement of thc 
power factor in supply systems, for various reasons, such as keeping 
down the loss in the mains and increasing the useful output of 
generators and reducing their cost. Тһе loss in the mains is inversely 
proportional to the square of the power factor, thus :— 


Power factor... т осо o'8 07 о’б о5 
Loss ... е. ul 1'24 1:56 2704 2:78 4°0 


As to the effect on cost and output, it is sufficient to quote Mr. 
Miles Walker's interesting paper, read before the Manchester Local 
Section, on January 12, 1909, on “Тһе Improvement of Power Factor in 
Alternating-current Systems,” in which he refers to one case where the 
rating of some turbo-alternators was raised 50 per cent. owing to their 
being used at nearly unity power factor. į 

For the improvement of power factor two methods may be 
compared—the use of condensers and the use of over-excited 

* La Lumière Electrique, vol. 40. рр. 201 and 257. 1891. 

T See, for example, the Electrician, vol. 28, p, 227, 1892: “Тһе Probable Future of 
Condensers in Electric Lighting." 

$ Journal of the Institution of Electrical Engincers, vol. 42, p. 602, 1909. 
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synchronous motors.* Тһе latter method is practically the only опе 
that has so far obtained engineering recognition. I am glad to be 
able to give some particulars of one interesting example of its use, 
for which I have to thank Mr. Fedden, of the Sheffield Corporation. 
He has installed a specially designed motor made by the British 
Thomson-Houston Company. It has a capacity of боо К.у.а., and 
consists of а 2-phase motor for 2,000 volts 50 cw» with a direct- 
current exciter and an induction motor for starting up, all on one 
shaft. It is used at intervals during the day to keep up the power 
factor of the system and to reduce the excitation of the main turbine 
generators, which are in a station 2 miles away. „А the present 
time the average day load is about 4,000 k.v.a, at an average 
power factor of ол, equal to an actual load of 2,800 Км. The 
rectifier raises the power factor оп an average to o83, reducing 
the apparent load from 4,000 to 3,380 k.v.a., thus releasing 620 k.w. 
of capacity in generators, and in cables between the two stations. 
These figures correspond to a load оп the motor of nearly. 1,000 k.v.a. 

Having had occasion to use condensers for some experiments on 
arcs, which are alluded to later, the opportunity was taken to investi- 
gate some of their qualities to sce to what extent they might be con- 
sidered suitable for use оп alternate-current systems. The results seem 
to point to such use being now within the region of practical engincering. 

There are many kinds of condensers, including those in which the 
electrodes are separated by air or oil, but for our present purpose only 
two types will be considered :— 


I. Paper condensers of the kind described by Mr. Mansbridge 
before this Institution last year, + and 
2. The Moscicki type of glass condenser. 


The former are made, bv à continuous process, of paper coated on 
one side with a thin metal layer like the so-called silver paper used for 
packing tea. These have the great advantage that if they are pierced 
they are self-healing, the metal being vaporised so as to produce a 
space clear of metal round the fault. 

They аррсаг, however, only to have been made for low pressures, 
and therefore, so far as the author's present knowledge of them goes, 
a number of them must be placed in series for high-pressure working. 

Тһе Moscicki condensers, which are not at present being made in 
this country, consist of specially formed glass tubes closed at one end 
and coated inside with silver deposited chemically, the outside coating 
being sometimes applied in the same way and sometimes dispensed 
with altogether, the outer electrode consisting in this case of a mixture 
of glycerine and water, in which the tubes are immersed. These соп- 


* The quality possessed by such motors which makes them available for this 
purpose—illustrated by the V-curves connecting armature and field. current —was 
described by the author in a paper on “Testing and Working Alternators,” Journal 
of the Institution of Electrical Engineers, vol. 22, р. 110, 1893. 

+ Ibid., vol. 41, p. 535, 1908. 
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densers are said to be largely used for wireless telegraphy, for which 
purpose the metal coating is made very thick in order to lessen the 
resistance and the damping effect. They are being used in some cases 
abroad for power factor improvement on extra high-tension transmis- 
sion lines. They scem to be very suitable for this purpose, as by the 
use of a suitable thickness of glass they can be made to withstand 
a very high voltage. 

No information regarding the losses was obtainable for either ог 
these condensers. I have therefore had some tests made of both types 
by Mr. Wild of the Westminster Testing Laboratory. The results 
obtained are only to be taken as approximately correct, instrumental 
difficulties introducing some uncertainty іп the measurement of power 
in apparatus having power factors of only about oor. It is believed, 
however, that the results may be relied upon for the low-tension paper 
condensers within 5 per cent. each way, and for the high-tension glass 
condensers within 74 per cent. each way at the highest voltages and 
15 per cent. at the lowest.* 

A Mansbridge condenser made for 500 to 600 volts direct current, 
and havinga capacity of about 10 microfarads, was tested with alternate 
current at various pressures from тоо to 500 volts and at 25, 50, and 
75 См. 

The results of the tests are shown in Fig. т, which gives the loss 
in watts per microfarad at various voltages and frequencies, and the 
power factor at various frequencies. 

The capacity, as shown by the proportionality of current to pressure 
and to frequency, was almost constant. The power factor was also 
found to be nearly constant at all frequencies from 25 to 75 ^w». 
The variation of power factor with voltage was less than the instru- 
mental errors within the limits of the tests. The curve for power 
factor shows the mean results for the three highest voltages. И will 
be seen that the loss of energy was small. 

Having found the qualities of а low-tension condenser, it would 
scem that no difficulty should be met with in using a number of such 
condensers in series for high-tension work, as the conditions in each 
section as to voltage, loss, апа power factor, will be the same when 
used in such a series as when used singly. Тһе British Insulated «с 
Helsby Cables, Ltd., who made the condenser tested, have, in answer 
to the author's question, suggested 300 volts per section for a con- 
denser so made up for 10,000 volts, and state that it would occupy 


* The Mansbridge condensers were tested with a wattmeter of the reflecting 
deflectional type. 1t was ascertained that the error due to the self-induction of the 
pressure coil did not exceed 14 per cent. on a power factor of о015 at 50 (NJ. 

The Moscicki condensers were tested with the same wattmeter in conjunction 
with a roo to 1 potential transformer. The potential transformer brought into the 
measurement an error of the order of 20 to 25 per cent. In order to obtain а suth- 
cient deflection on the wattmeter, it was necessary to cut down the non-inductive 
resistance in series with the pressure coil to such an extent that another error was 
brought in of the order of about 20 per сет. This error was in the opposite direction 
to that involved by the use of the potential transformer, Both these errors were 
determined with a fair degree of accuracy, and were allowed for in the final result. 
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about 2 cub. ft. per microfarad, and they think the price would be 
about £27 per microfarad. They, however, state that they have had 
no experience of condensers so made up or used. Тһе above tests 
and information, however, enable a tentative comparison to be made 
with the 10,000-volt Moscicki condenser tested. 

This Moscicki condenser consists of cight tubes, having a total 


Fic. 1.—Tests of Low-voltage Paper Condensere 


capacity of 0°03 microfarad. It is intended for alternate-current working 
at 10,000 volts. Each tube is 2 in. in diameter and 2 ft. о in. long, or 
with connections 3 ft. 2 in. 

Owing to instrumental difficulties, it was impossible to obtain the 
same degree of accuracy with these tests as with the paper condensers, 
and the range of voltage and frequency over which it was practicable 
to make them was also less. 

As a matter of curiosity some tests were made of a set of six Leyden 
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jars of $ gallon size, having a total capacity of о'015 microfarad. They 
were kindly lent to the author by Mr. Campbell Swinton. 

The curves representing watts lost per microfarad on different 
voltages and frequencies are shown in Fig. 2 for both these glass con- 


8 8 


Watts per microfarad 
z 


Fic. 2.—-Tests of High-voltage Glass Condensers. 


densers. They are similar in their character to those obtained from 
the Mansbridge paper condensers. At 5,000 volts and at 7,500 volts 
the loss in watts per microfarad in the Moscicki condenser and in the 
Levden jars is the same, but at 10,000 volts there is a marked differ- 
ence, There is some brush discharge in the Leyden jars from 
5,000 volts upwards. Тһе losses іп the Moscicki condenser continues 


1909. | AND USES ОЕ CONDENSERS. 623 


to increase approximately as the square of the voltage, while that in the 
Leyden jar is higher in proportion, possibly indicating an approach to 
the point of breakdown. И should, however, be mentioned that the jars 
have been used on induction coils giving a 10-in. spark, corresponding 
to a very much higher voltage. 

The curves showing variation of power factor with frequency have 
been drawn from a mean of the results at the three different voltages, 
giving greater weight to the high-voltage readings owing to the 
greater degree of accuracy obtainable with them. They must be 
accepted with some reserve, owing to the less degree of accuracy in 
these tests. They show, however, that the Moscicki glass condenser 


Moscicki Condenser. 


о 4 5 ә '9 
Minutes. - 


Fic. 3. 


works with a loss of about т per cent. of the kilovolt-amperes dealt 
with. 

It was thought to Бе of interest to find the variation of the apparent 
resistance.of the Moscicki condenser and to find how its C?R losses so 
ascertained compared with the energy losses found in the alternate- 
current test. The author was enabled to make this resistance test by 
using а 10,000-volt secondary battery kindly placed at his disposal by 
Mr. Campbell Swinton.* Тһе apparent resistance so ascertained is 


* This battery, which was made by Mr. Swinton, comprises 4,800 secondary cells, 
each cell consisting ot a test tube 4 in. long by 2 in. diameter, the whole being con- 
veniently arranged tor charging in a number of parallel sets of 80 cells in series. The 
charging current is arranged to be 8 milliamperes. 
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shown in Fig. 3, readings being taken at 500 and at 10,000 volts. 
Unfortunately, the readings were not continued long enough to reach 
the steady condition, the current slowly falling—that is, the apparent 
resistance slowly rising—even after 20 minutes application of the 
pressure. 

As these curves only start with the result at the end of 1 minute, 
they afford no indication of what the apparent resistance would be 
within the time of a half-period. 

It will be seen that any C?R loss based on these resistance curves 
will account only for an insignificant proportion of the total losses with 
alternate current. 

In comparing Figs. 1 and 2, it must be remembered that the power- 
factor, and not the watts per microfarad, is the proper basis, secing 
that the loss (as well as the kilovolt-amperes per microfarad) appears 
to rise as the square of the pressurc in any given condenser. 

The proper basis of comparison is the loss in a paper condenser, 
made up in sections for high-pressure use in one case, against the loss 
in the special high-voltage glass condenser of the same capacity. 

From the results shown in Fig. 1, a 10,000-volt Mansbridge con- 
denser would lose about 190 watts per microfarad at 50 periods ; and 
from Fig. 2, the Moscicki 10,000-volt condenser would lose about 
320 watts per microfarad, the loss in the latter case being less 
accurately measured than that in the former. 

It is satisfactory to find the losses are so small. They are respec- 
tively about 0:6 per cent. and about г per cent. of the kilovolt-amperes 
dealt with. These losses are of the same order as the magnetising 
losses in transformers of good design. 

With such small losses as these, no difficulty should be experienced 
in preventing objectionable heating. Condensers lend themselves very 
well to arrangements giving large cooling surface. In the Moscicki 
type, the tubular form ensures this. The Mansbridge type сап be 
subdivided to give any desired cooling surface. 

It is perhaps a large assumption to make that condensers have 
reached such a stage as to justify a direct comparison with synchronous 
motors. It 15 felt, however, that a little encouragement and experience 
would probably enable makers of condensers to justify such an 
assumption, and therefore the author ventures to make the com- 
parison. 

In sub-station work, at least where motor-generators or rotary 
converters are used, or industrial work where synchronous motors 
are used, it should always be possible to arrange by over-excitation to 
provide a considerable amount of power factor correction at a small 
increase in the cost of the machinery. But there are many conditions 
in alternate-current supply where sclf-induction cannot be compensated 
in this way. Іп some cases the expense of Special over-excited 
synchronous motors running without load may be fully justified, the 
Sheffield case being an схатріе. 

But the objections to the use of running machinery are very great. 
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If condensers can be made to work reliably, even at the same capital 
and working cost as motors, they would be preferable. In any event, a 
comparison may be useful. 

The simplest case will be to assume that either the motor or the 
condenser would be placed in a generating station or in a sub-station, 
and that the motor would not be used for any other purpose. It would 
be much more favourable to the motor to take the case of an over- 
excited motor or rotary converter doing other work, but to deal with 
that it would be necessary to know all the conditions. 

On the other hand, it would be more favourable to the condensers 
to distribute them about the system. For example, they could be 
placed close to large motors, and switched in or out by movement of 
the motor switch—that would give effective correction at all loads 
without involving any attention. 


TABLE. 
Capacily іп Kilovoll-amferes of Motor, or іп Microfarads of Condensers 
required for a Load of 1,000 Еле. at various Power Faclors to be 
Corrected to Unity or to any other Power Factor. 


| 


Power Kilovolt-amperes Capacity required іп Microfarads at 50 (AJ. 
Factor of required at ET л В т з л НИК А 
Load. Leading Power | 
Factor =0. ! 2,000 Volts. 5,000 Volts. ‚ 10,000 Volts. | 20,000 Volts. 
| 
ron ЦИЕ = = - -<-— 

0'99 142 II3 I8 4'S | ГІЗ 
0°98 203 | 162 26 65 1:62 
0'97 251 | 200 32 8:0 2°00 
0:96 292 233 37 93 2°33 
0'95 329 262 42 |2105 2°62 
O'9O 485 | 386 62 22155 | 3:86 
0'85 022 | 494 79 1977 4' 
0'80 750 | 598 96 2 39 | 5 
0°75 852 703 13 , 282 | 703 
0'70 1,020 | 814 130 (008325 814 
0°65 1,165 (с 930 148 370 | 9'30 
оо 1,333 1,065 170 | 2°5 10°68 
0°55 1,520 ‚ 1,210 194 _ 4985 12°10 

1,732 1,380 221 |. $5.0 13:80 


| 


The hgures in column 2 represent the whole wattless component 
corresponding to the various power factors in column 1 with 1,000 k.w. 
realload. Тһе kilovolt-amperes or capacity required for correction to 
any power-factor less than unity will be equal to the difference between 
the wattless component in the uncorrected circuit and that in the circuit 
after correction. Thus, to bring up a 1,000-k.w. circuit from 0°75 to 
0:95 power factor requires 882 — 329 = 553 k.v.a. if a synchronous 
motor be used. With cOndensers working at 5,000 volts 50 AQ it will 
require 113 — 42 = 71 microfarads. 

The kilovolt-amperes required for correction are independent of 
frequency and voltage. The capacity required is inversely propor- 
tional to the frequency and to the square of the voltage. 
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We may confine ourselves to a comparison of a case where, if апу 
correction is to be effected, it must be by either a synchronous motor 
or a condenser, and will take the simplest case and assume a synchro- 
nous motor or a condenser installed at a generating or sub-station, for 
the compensation of a circuit requiring 1,000 k.w. at 10,000 volts 
50 periods, with a power-factor of o'8. 

We see from the table on page 625 that to give unity power factor, 
this would need a motor of 750 k.v.a., or a condenser having а 
capacity of 24 microfarads. 

The cost of the motor erected with foundations, switchgear, and 
accessories will not be less than £1,100. Such a machine would 
certainly not take less than 40 k.w. to run it at full load, and 20 k.w. at 
light load. Let us assume a mean of 30 k.w. and that it is used for 
12 hours a day only. This gives a total annual consumption of 131,400 
units. 

The cost of a condenser of 24 microfarads for the above conditions 
would be about £720 with switchgear and accessories. Тһе loss in 
this condenser will not be more than r per cent. of its apparent load— 
75 k.w. at full load. In practice, the condenser would be in sections, 
some of which would be switched out as the load fell, but we will 
assume that it is all kept in circuit for twelve hours a day. Тһе total 
annual consumption would be 32,850 units. 

Although there are good reasons why the energy used in such a 
device should be charged at the average works cost, it is preferrcd to 
take it on a lower basis of about the cost of the coal, say 0'25д. per unit. 

No spare is provided in either case, and no charge is included for 
Apkeep, capital charges, attendance, or lubrication, nor is the account 
in either case credited with any sum to represent the increase of usetul 
capacity and efficiency or reduction of cost of the generating plant. 

We then get the following comparison :— 


Synchronous Motor. Condenser. 
£ 5 
Capital cost ... iss ... 1,100 720 
Annual cost of energy wasted ... 137 342 


These figures speak for themselves. They would be still more 
striking if the comparison included necessary spare apparatus, and 
particularly if any attempt were made to provide a similar total 
correction, often more eftectively, by subdivision into smaller motors 
placed about the system. 

It will be clear that a large condenser could be subdivided without 
disadvantage, but in the case of synchronous motors such subdivision 
would involve considerable increase of cost and loss. 

No attempt has been made to compare the cost of condensers with 
the added cost necessary to make ordinary motors or rotary converters 
available for power factor correction in addition to their ordinary work, 
but the low capital and working cost of the condensers points to a 
comparison, cven on this basis, being possibly favourable to the latter. 
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The author ventures to draw renewed attention to this subject in 
the hope that something may now be done in the direction of satisfac- 
torily using condensers on alternate-current systems. 

In conclusion, it may be of interest to give the result of some 
experiments on the use of condensers for preventing or stopping the 
formation of arcs under certain conditions. In investigating the action 
in a surface-contact tramway system recently, the author found that 
trouble was experienced due to the formation of persistent arcs at the 
underground contacts. When the road was wet and dirty a small 
leakage current passed from the live contact stud under the car over 
the surface of the road to the rails. . When the car had passed and the 
underground contact-piece had separated its proper distance from the 
live conductor, this leakage current was sufficient to maintain an arc 
across the air-space of the contact-maker, thus keeping the stud alive 
so long as the arc persisted. It was found that with a terminal voltage 
of about 560 volts the voltage between the stud and the rail was usually 
about 400 to 440 volts, and the voltage across the arc about 120 to 
160 volts. Sometimes arcs would persist for a few seconds with not 
more than 0°6 ampere, and they would often persist when the leakage 
current was over 1 ampere—this latter condition, it will be seen, corre- 
sponds to a resistance of the leakage path from the stud to the rail of a 
maximum of 440 ohms. 

The prevention of these arcs by iucrease of gap, or by other struc- 
tural alterations was not found to be practicable, and it therefore 
remained to try to find some means for preventing their formation, or 
for immediately putting them out if they were formed. For this 
purpose experiments were made with a condenser, which was found 
to be quite effective. 

Two conditions may be given :— 


(А) A suitable condenser placed across thc gap prevents any arc 
being formed however small the gap—for example, it was 
not possible to maintain an arc across а gap of even зу in. 

(B) If the arc is formed and it is then shunted by a suitable 
condenser it will at once go out. 


The minimum safe capacity for these two cases was found to be as 
follows :— 


Amperes. | | Condition (А). | Condition (B) 
Microfarads. Microfarads. 
I'5 I 2 
ФО 2 4 
25 С б 


Mt. 
Mansbridge. 
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It was found quite practicable to extinguish the arcs by shunting 
them by a condenser carried on the car, one terminal being connected 
to the collector or skate, the other to a small wire brush hanging down 
under the rear platform of the car, and making successive contacts 
with the studs. 

It was also found that the arcs could be put out by placing the 
condenser in shunt across the leakage path instead of across the arc 
itself, or with two condensers in series across the resistance and «ће 
arc, with a middle connection to the junction between them. 

It was not necessary that the condenser should be in a discharged 
condition, the arc being put out, whether the condenser when applied 
was discharged or when it was charged to the full voltage of the 
circuit, in which latter case the effect would be produced in whichever 
direction of polarity the condenser was applied. 

The arcs could also be put out by a resistance shunt but there 
are objections to that, and in any case it need not be examined 
ћеге. 

The author wishes to express his thanks to Messrs. Isenthal & Со., 
for the use of some Moscicki condensers, and to Mr. A. E. Levin 
for substantial assistance in the experiments and in preparation of 
the paper. 


DISCUSSION. 


Мг. С. Е. MaxsBRIDGE : I am sure we are all indebted to the 
President for showing us a little more than we knew before of what 
happens inside these condensers. I am very glad to know that the 
power factor comes out at such an extremely small figure. There are 
several points I should like to make concerning the paper, but as thc 
time.is so short I will cut them down. 

It may seem like hypercriticism, but there is one point to which I 
should like to draw attention. On page 619 Мг. Mordey uses the words 
“the metal being vaporised" to express what happens іп a Mans- 
bridge condenser when a short circuit is created and the fault seals up. 

There is no doubt that the metal becomes vaporised if the condi- 
tions аге favourable, as, for example, when treating the foiled paper in 
the dry condition before making it up into a condenser. In this case 
special provision is made for obtaining a large spark at the weak spotsas 
they pass over the “ breaking-down " roller, and under such conditions 
the metal undoubtedly becomes vaporised to some extent, but the auto- 
matic sealing effect does not depend so much upon volatilisation of the 
metal as upon the interesting property possessed by the foiled paper 
of becoming non-conducting on being strongly heated. "This property 
results from the fact that the tin coating is not an absolutely continuous 
film, but is a thin layer of metal which has been reconstituted from 
powder and made coherent by heavy mechanical pressure. Such a 
film being excessively thin, and having but little natural cohesion, is 
readily disintegrated by the heating effect of a spark. The point I 
wish to emphasise is that even with a high voltage a breakdown in a 
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condenser of this type does not result in the formation of an arc 
because of the comparatively small current-carrying capacity of the 
electrodes. Тһе effect may be likened to an attempt to form an arc 
between the ends of two extremely fine wires. Obviously in such а 
case the arc, if formed, must be self-destructive. 

With regard to the supply of condensers for high-tension work, I 
think it is purely a question of supply and demand. At the present 
moment the Helsby Company and other firms are making low-tension 


condensers by the thousand. They get orders for high-tension con- 


densers by ones and twos, and it is much more convenient from the 
manufacturing point of view to take low-tension condensers of standard 
sizes and couple them in series rather than to alter the winding 
machines, put in a great number of papers and so forth, and make 
high-tension condensers direct. 

That is the only reason—or, at any rate, the chief reason—why low- 
tension condensers are used for building up high-tension condensers. 
lf it is proposed regularly to run low-tension condensers in series, I 
would suggest as an alternative that, if possible, the tension be lowered 
and put on to the condensers in multiple, because there are obvious 
advantages in not having 10,000, or even 2,000, volts across the ter- 
minals of even a pile of condensers if just as good results can be 
obtained by putting in a transformer and running at the lower pres- 
sure. But that is a matter of compromise ; I suppose all design is 
more or less a compromise. With regard to diagram Мо. 1, I should 
like to know the temperature at which the tests were taken. Probably 
it was about боо, but that is a point I should like to see noted on the 
diagram. Our President has told us that he has run one of these 
condensers—I presume this particular condenser—at 400, 500, and 
600 volts and 83 periods, for something like three days continuously, 
and the temperature rise was only 4? or 5° Е. That being so, it is 
evident that the question of the actual temperature of the test is not of 
great importance, but the insulation and the dielectric strength of con- 
densers, as well as other factors with regard to their behaviour, depend 
so much upon the temperature that I think it well to raise the point, 
and also to inquire whether it was the same, or approximately the 
same, for all the tests. 

Referring again to diagram No. r, I would: like, if possible, to have 
the C?R loss separated from the dielectric loss. The author refers 
later on to C?R losses, but there, I think, he is referring to the С?К 
losses due to the actual leakage current through the dielectric. I do 


not mean that; I mean the C?R loss in the electrodes, due to their. 


ohmic resistance. Тһе Mansbridge condensers at present on the 
market are designed for comparatively small currents, and not for 
continuous work ; they are made, in fact, almost entirely for telegraph 
and telephone purposes, so that the quantity of tin is kept down as low 
as possible. For theserequirements the electrodes have quite sufficient 
conductivity; but if condensers are required for running continuously 
at full load a heavier coating of tin might be advantageous, so as to 
VoL. 48. 41 


Мт. 
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bring down the СК loss in the electrodes, although this is already very 
small. If that loss could be separated from the dielectric hysteresis 
loss the information gained would be useful, because, as I have said, 
the C^R loss can be cut down by design. The author has shown that 
the total loss in this condenser is less than in the glass condenser, but, 
nevertheless, I am not satisfied that we have brought the loss down to 
the minimum, either with regard to ОК or dielectric. 

It may be that by reducing the thickness of wax in the condenser 
the diclectric loss may be reduced, but at present I am not prepared to 
make a definite statement on that point. 

The experiments on the arcs were, I think, particularly interesting. 
I should like, if I may, without spending too much time, to refer to 
the rather paradoxical effect produced here as compared with the effect 
noticeable in a cable relay. S. G. Brown uses a condenser across a 
breaking contact, or a doubtful contact, to maintain the current and to 
prevent a break in continuity. Our President uses the condenser 
across the break to insure the break. In the Brown relay, so far as I 
recollect, there is a rotating drum and a contact resting very lightly 
upon it. Difficulty was found in maintaining continuity between the 
drum and the contact until a condenser was put in shunt across that 
potential break, and as soon as the condenser was put across continuity: 
was maintained. That seems to be an action exactly in the opposite 
sense to that which we have seen here across these carbon arcs. It 
may be suggested that the condenser in the Brown relay acts merelv 
as a shunt path, and that the breaks between the contact and the drum 
continue precisely as before, but there is reason to think that this is 
not the case. From this point of view it may be of interest to refer to 
the effect of adding a condenser to the “ breaking-down" device which 
is used for treating the foiled paper before it is made up into con- 
densers (vide Fournal, vol. xli., p. 547, 1908). In this treatment the 
paper is passed in a continuous strip, foil side uppermost, over a metal 
roller. The roller is connected to one pole of тоо volts, and the other 
pole is connected to a rubbing contact on the tin side of the paper, so 
that whenever a defect passes over the roller there isa momentary spark 
and the defect is eliminated. Now it can readily be shown experi- 
mentally that, although there may be plenty of current available for 
this process, the number of weak spots picked up by the process is 
doubled or even trebled by putting a condenser of large capacity across 
the mains. Тһе effect does not scem to be due to the presence of 
self-induction in the circuit, because an appreciable resistance may be 
inserted in series with the condenser without disturbing the effect. 

. Mr. W. B. EssoN : We have listened to-night to a very interesting 
paper. There is no doubt that the condenser would be a decided 
blessing in many instances for power work, but I believe the reason 
why it has uot made the progress which was expected of it is 
pecause it has never until recently been an engineering piece of 
work. Mr. Mordey will remember, as I do, that when the dynamo 
first appeared in this country the armature consisted of a ring of iron 
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wire wound round with insulated copper wire having a wooden hub 
fora centre. That was a machine made by instrument makers. It so 
happened that the dynamo very soon came into the hands of engineers, 
who made a thorough good job of it, but condensers remained instru- 
ment makers' designs, and did not come into the hands of engineers 
who alone could make them of use for power stations. The Stanley 
Manufacturing Company of America, I believe, at one time supplied as 
part of their equipment for 2-phase motors a pair of condensers. It is 
a very long time since I read of that, and I am not sure what success 
they had with them, but at any rate, they were fully alive as to the use 
of condensers. Ithink the Moscicki condenser is a thorough engineer- 
ing piece of work. Two years ago I had the pleasure of looking over 
the factory in Fribourg, where the Moscicki condensers are made, and I 
was struck with the way in which Mons. Moscicki and his colleagues 
had taken in hand the old Leyden jar of the laboratories, and had 
turned it into a thoroughly reliable piece of engineering suitable for 
use in the power station, At that time I was conducting some experi- 
ments at the Fribourg University, and we had these condensers in use 
on 6,000-volt circuits for the best part of a week, night and day. They 
behaved all right, and there is no reason why they should not work for 
years іп the same way. With regard to the phase rectifier, which the 
author calls more sensibly the compensating motor, such machines 
have been used with great success for the transmission of power to 
the Kolar goldfields in India. There they were troubled with the 
lagging current at the start, because they used only induction motors ; 
but later they installed synchronous motors, not only for the purpose 
of compensation, but to do useful work. Тћеу were excited so as to 
greatly increase the power factor, and thus increase the power-trans- 
mitting capacity of the station. That was a case in which compensating 
motors were actually used as described by Mr. Mordey, but there is no 
doubt that condensers would be often more convenient, and would also 
save cost, if they could be made reliable. Мг. Moscicki has certainly 
done a great deal in the latter direction. 

Mr. J. E. TAYLOR : There is one point I should like briefly to refer 
to, and that is the method of the measurement of these losses in con- 
densers. I venture to think there are rather better methods available 
than by the use of a wattmeter, where such small capacities are 
concerned as we have in the case of the Moscicki condenser. The 
thermo-galvanometer appears to lend itself particularly well to the 
measurement of C?R losses or dissipation losses of any kind, and it is 
entirely free from corrections due to either self-induction or capacity 
of the measuring instrument. By including in the measuring circuit а 
fine filament of wire of known resistance and of negligible inductance 
or capacity, even when one reaches very high frequencies, it is possible 
to determine with accuracy the СК losses іп the circuit simply by 
varying the known resistance in the circuit and thereby determining 
the unknown. Тһе idea is that when a known resistance is put into а 
circuit of such a value that it gives the maximum power dissipation 
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in that known resistance, then the measured С?К losses must equal the 
other dissipation losses in the circuit. Hence by varying the known 
part the total dissipation can be obtained. It is necessary, however, 
to so dispose the measuring circuit in relation to the source of alter- 
nating current that no reaction on the source is produced. It will, in 
general, be convenient to utilise mutual induction between thc circuit 
containing the source of alternating current and the measuring circuit, 
and in such a case the mutual induction (or coupling) should be kept 
very small. With this precaution the method is capable of very 
considerable accuracy. 

Мг. J. SWINBURNE (communicated): The President's paper carries 
one back and makes me feel twenty years younger. Twenty years 
ago there was a good deal said about them, but there were very few 
condensers. 1, or rather my firm as it then was, made condensers 
about 1801 to take up the wattless or idle current of hedgehog trans- 
formers, These condensers were made of oiled paper. The paper was 
first dried for some days, then further dried under vacuum, and then 
treated with paraffin. The paraffin was to kcep it dry, not to insulate ; 
it reduced the insulation resistance. We made some spccimen con- 
densers that kept their charge for three weeks without perceptible 
falling off, but the commercial condensers were not so good. We tried 
mica, waxed paper, glass, and other dielectrics. We found glass heated, 
and this trouble is present, I believe, in all dielectrics whose inductive 
capacity is abnormal with reference to its index of refraction. As an 
alternative of condensers over-excited motors were discussed. The 
idea was to uncouple one or two generators from their engines and let 
them run light and over-excited. This was published about 1801, but 
people have tried to patent it several times since, and I have had 
excited communications from people who want to oppose the 
grants. 

The uses of leading currents are more numerous than generally 
supposed. А leading current can be used for exciting a dynamo by 
armature reaction or increasing its excitation. This was the cause oí 
the phenomenon known as the Ferranti Effect in the Deptford mains. 
I remember reading a paper before the Physical Society pointing out 
that the ordinary resonance theory of self-induction and capacity would 
not explain the phenomenon, and that the armature reaction theory 
would. Many immediately came forward who assumed that I had 
never heard of the resonance theory. It was therefore explained 
to me in an elementary way, and given as the solution of the ques- 
tion, but the self-induction was always merely L, and they never 
gave it in henries or secohms, and never explained how the enormous 
self-induction necessary to produce the effect could exist in the circuit. 
The leading current can also be used to alter the ratio of transforma- 
tion of a transformer by making the inductive drop act in the opposite 
direction. 

How far it would pay to use condensers to prevent arcing at 
switches I do not know. Of course, the President's application 
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to the surface conduit system is a very special case, and it would 
have occurred to very few people to try such a solution. 

А new form of electrodynamic condenser was brought before the 
Institution in 1902.* I have since found out that M. Leblanc is the 
real inventor either of this or something very like it, and I would like 
to take this opportunity of calling attention to the point. M. Leblanc's 
catalogue of inventions is already very large. 

Мг. С. L. ADDENBROOKE (communicaled) : 1 am glad Mr. Mordey 
has drawn attention to this question, as there is no doubt that a 
cheap and reliable form of condenser would find many applications 
in heavy engineering, as has already been the case in telephone 
and telegraph work, since the mechanical method of making condensers 
was introduced. 

In the first place, as to the power factors of the condensers, I 
cannot help thinking that Mr. Mordey's results look somewhat low. I 
tested one of the Mansbridge condensers some time since by the electro- 
static method, and got a higher power factor than that given by Mr. 
Mordey. It is true that I have obtained smaller figures than those 
given by Mr. Mordey on a Muirhead condenser, which I used as a 
standard and which is also made of paraffined paper, but this is of 
course a much more expensivearticle. Different samples of condensers 
differ, and it may be that Mr. Mordey has an unusually good sample, 
or that 1 was testing nearer the breaking-down point; but I think it 
would be wise at present to take it that the power factor of these 
condensers is not much under г рег cent., the loss Mr. Mordey allows 
in the example of its use which he gives at the end of his paper. My 
tests were carried out with an electrostatic wattmeter direct across 
the circuit, and which only needs in addition a series non-inductive 
resistance, across which the quadrants are placed, the loss in which is 
comparable with that in the condenser itself. Ав no transformers were 
used or resistances other than the one above mentioned, the chances 
of introducing error are a good deal less than with the dynamometer 
method of testing, while the electrostatic wattmeter itself is adapted 
to give good readings with small currents. 

I had not had an opportunity of testing the Moscicki condensers, 
but was under the impression that the power factor of this type was 
rather above that given, and I am somewhat surprised that the power 
factor of the Leyden jars tested by Mr. Mordey came so near that of 
the Moscicki condensers, as I understood that the silvering direct on the 
glass reduced the losses considerably as compared with tin foil applied 
as it is to Leyden jars, and some tests which I made on an ordinary 
Leyden jar some time since bore out this assumption. Other experi- 
ments 1 have made show that there is a great deal in the way the 
conductor is applied to the dielectric. 

It may appear academic to discuss the question of whether a power 
factor is 4 of 1 per cent. or 1 per cent., but an example will make it 
clear how important the difference is from a practical point of view 

* Fournal of the Institution of Electrical Engineers, vol. 32, p. 26, 1902. 
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Мг. Adden- and how well worth further study. For instance, take the condenser 

ынкы suggested by Mr. Mordey for 10,000 volts and 1 microfarad capacity 
and occupying a space of about 2 cub. ft. At 10,000 volts this 
condenser would take a current corresponding to 31 apparent kilowatts, 
and therefore the loss at 1 per cent. power factor would be 310 watts. 
Now I think the experience of members will show that 310 watts 
expended within 2 cub. ft. of material, which is not a good con- 
ductor of heat, would lead to an inadmissible rise of temperature, unless 
considerable subdivision and good ventilation were effected. On the 
other hand, if the power factor were half this the heat would only be 
half and would be very much more within practicable limits. 

The behaviour of Moscicki condensers on 10,000 volts continuous 
pressure as compared with the low voltage is very interesting, and 
engineers certainly owe their thanks to Mr. Mordey for having made 
the test. 

On the application of condensers to practical purposes, provided they 
they can be sufficiently cheaply manufactured with a requisite margin 
of safety, I think Mr. Mordey has been unduly modest, as he has not 
taken credit for the saving capital costs of mains which may be attained 
as well as the improvement in the working of alternating generators. 
For instance, take the case Mr. Mordey gives and assume that the 
1,000 k.w. are transmitted 5 miles to a sub-station or stations where it 
is to be transformed statically as often happens. Ш the full-load 
current has a power factor of 0'8 the introduction of condensers would 
bring this up to unity, and the cables themselves would therefore be 
good for the transmission of 20 per cent. more energy, ог 200 k.w. 
more than in Mr. Mordey's examples. Asthe cost of laying such a main 
would be from £8,000 to {£10,000 complete, and as the ability to take 
another 200 k.w. through it might in some cases save the necessity of 
laying another main, the gain under these circumstances would be very 
material indeed, and would bc in addition to the improvement in the 
working conditions of the generators. . 

Mr. Mr. А. W. ISENTHAL : (communicated) : Several of the speakers who 

епа. took part in the discussion considered that in so far as there was 
not much demand for high-tension condensers they had not been 
developed on commercial and engineering lines, and were therefore 
more or less in an experimental stage. 

Now, although there certainly has been little demand in connection 
with heavy engineering work in this country, I should like to point out, 
that so far as the Moscicki condenser is concerned, this remark does not 
apply ; in the first instance, its application as a most efficient protective 
device for overhead lines has been considerable, especially іп countries 
hke Switzerland, Northern Italy, and South-Eastern France, where 
extensive power-transmission systems working at extremely high 
voltages are everywhere met with, and I may say in this connection 
that there are at the present time some 16,000 condensers thus in 
permanent use with the most gratifying results. 

These condensers are, as it were, constantly under current, being 
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joined on the one side to the line and in the case of 3-phase supplies Mr. 


having their outer coatings joined together and earthed. 

The number of failures or breakdowns due to imperfections in 
manufacture has been somewhat under 6 per 1,000 condensers supplied, 
which we may consider extremely satisfactory. 

Another very large field for these condensers has been created 
by the development of powerful transmitting stations for long-distance 
wireless telegraphy, and the same condensers (with perhaps one or two 
small modifications required by the particular nature of the work) have 
been used by almost every Government both on the Continent and 
in our own country on a very large scale indeed. 

I mention these points merely to show that there has been a 
demand for reliable, efficient, and technically acceptable high-tension 
condensers, and that therefore their evolution has been something 
tangible, and they may be said, as one of the speakers pointed out, 
*to be a thorough engineering piece of apparatus." 

Reverting once more to their reliability on high voltages, I may say 
that I have seen condensers running at 60,000 volts for hours, and that, 
on an oscillatory circuit which is extremely searching for any con- 
denser on account of the extreme peakiness of the curve, and to 
mention only one installation, there are 165 complete batteries of 
condensers installed at the various sub-stations of the Entreprise de 
Thusy-Hauterive system near Fribourg, which are under constant 
pressure (for days and months) at 32,000 volts effective. 

With regard to the comparisons made by the President on the loss 
in the Moscicki condenser and the Mansbridge condenser, it should not 
be forgotten that the conditions of experiment were not the same 
for both types of condensers in so far as the Mansbridge condenser is 
a low-tension condenser which, according to Mr. Mansbridge's own 
declaration, was made for telephone and telegraph work particularly, 
and which even the makers—namely, the British Insulated and Helsby 
Cable Company—say they have never made up for high tension, and I do 
not know whether it is perfectly acceptable to extend the results of 
tests made on an existing piece of apparatus to a possible combination 
of such apparatus, and it would be interesting to learn what the result 
would be on the self-sealing properties of the Mansbridge condenser 
if Mr. Mansbridge's suggestion to thicken the metallic coating was 
carried out. 

Moreover, on Mr. Mordey's own showing, the figures obtained for 
the Moscicki condenser cannot be taken on the same basis of accuracy 
as those of the Mansbridge condenser. 

It seems rather doubtful to me whether the subdivision—for cooling 
purposes of a paper condenser as advocated—would be a desirable 
method. 

I take it that the multiplicity of internal connections (say 50 for 
a 10,000-volt condenser) would certainly introduce possible difficulties 
and largely increase the space required. 

The Moscicki condenser is now made for purposes other than 
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wireless telegraphy in two types, up to 18,000 volts effective and up to 
30,000 volts effective. 

I trust that these voltages may be considerably extended in a short 
while when their manufacture in this country is in full swing. 

Мг. W. М. Мокреу (іп reply): I am interested to hear from Mr. 
Mansbridge that he thinks the metal is not vaporised. I spoke from a 
recollection of his lantern !photographs showing greatly magnified 
images of the faults, and their appearance was consistent with the 
idea of a small amount of metal deflagrated leaving a clear space 
round a small hole. 

As to the temperature, the tests were made at the ordinary 
temperature of the test-room, probably about 6o? F. 

As to the СЕ loss in the conductor of the condenser, I think, 
perhaps, that may be less important than Mr. Mansbridge supposes. 
The total loss in this condenser from all causes is only 4$ watts. 
Certainly a large proportion of that loss is in the dielectric, so that the 
possible reduction in the total loss by an increase of the cross-section 
of the conductor must be small. The straightness of the loss curves 


supports this view. 


I do not think I have anything more to say now—except that my 
object in reading the paper was a very humble one. I merely wished 
to act as a signpost to a road that it might pay us, as engineers, to 
explore. 

Added later: Mr. Mansbridge suggests transforming down to a 
lower voltage and putting the condensers in parallel. He rightly says 
this is a matter of compromise. Has he considered that the losses in 
the transformers would probably be two or three times as much as in 


{ће condensers, and that they would more than double the cost of the 


installation ? 

Mr. Taylor refers to testing by a thermo-galvanometer instead of 
by a wattmeter. I am sorry to say I have no experience of such a 
method. There is certainly room for improvement over wattmeter 
methods. Mr. Taylor might usefully give us a paper on the subject 
with results of experiments. 

Mr. Isenthal gives some interesting figures, showing that Moscicki 
condensers are in use to a greater extent than I supposed. 

He objects to the series arrangement of paper condensers—that 
they would involve many connections. That is true—but with glass 
condensers there would also be many connections, as the units are 
small. I agree, however, that parallel connections are better than 
series connections. 

I also agree that there is not yet sufficient information to say 
definitely {о what extent paper condensers can be adapted to high- 
pressure power purposes. My object was to find out what the losses 
were, and to draw attention to the whole subject with a view to encou- 
raging the use of condensers of one sort or another for the improvement 
of the power factor on distribution systems. Ithink I ought to say that 
the makers of condensers admitted that they had no information what- 
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ever on the subject of the losses; and, indeed, put forward calculations 
based on the assumption that there were nolosses; the only way to find 
what the losses were was to make tests such as I have described. The 
use of condensers for phase rectification on power circuits and compa- 
risons with results attainable by other methods could not be properly 
studied without this information. 

I am obliged to the other contributors to the discussion. Their 
remarks help to elucidate the subject, but do not call for any special 
reply from me. 

The CHAIRMAN (Mr. C. P. Sparks) : I will now ask you, gentlemen, 
to accord to your President a very hearty vote of thanks for his 
interesting paper. 

The resolution of thanks was carried by acclamation. 
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SOME CONSIDERATIONS IN THE MANIPULATION 
OF DRY CORE TELEPHONE CABLES. 


By F. G. C. BALDWIN, Associate Member., 


(Abstract of Paper received from the BIRMINGHAM LocaL SECTION, February 
11, апа read at Birmingham, April 21, 1909.) | 


The object of this paper is to present, as briefly as possible, some 
of the more important considerations occurring in actual telephone 
practice, to describe the various operations which a telephone cable 
undergoes after its manufacture, and to endeavour to illustrate what is 
done by the National Telephone Company to secure the greatest 
working efficiency. A few of the chief appliances and fittings used in 
connection with these cables will also be described. 

'The superiority of the dry core, air space, or paper core cable is 
now universally accepted, and its advantages being well known, they 
nced not be further commented upon. 

It is agreed that the “duct” or “conduit” system of installation 
best facilitates repairs, renewals, inspections, etc., which is not the 
case with the solid system. Тһе duct system only, therefore, will be 
considered, and the remarks which follow refer chiefly to the type of 
metallic circuit cable used for subscribers’ lines and short local circuits. 

А description of the constructional features of dry core cables is 
unnecessary, as they are generally known. ТаЫе I., which has been 
extracted from the National Telephone Company's specification for 
dry core cables with 10-lb. conductors, gives details of the number of 
pairs in the core and several layers. One or more “ marked pairs” are 
usually provided in each layer. 

The methods of laying cables are well known to electrical engincers, 
and therefore need no detailed description. Owing to the loose way 
in which the wires of dry core cables are disposed inside the lead 
sheath, extreme саге is essential in handling so that injury to the lead 
sheath may be avoided. 

The various methods adopted in drawing cables into ducts are as 
follows :— 


1. Directly by Hand.—Hand hauling is restricted to short lengths 
of small cables. 

2. By means of Pulley Blocks and Chain or Rope Tackle.—Used in 
special cases only. 
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3. By means of a Manually Operated Winch.—This method is most 
commonly used, and has proved its superiority for general 
work. 

4. By means of a Power-driven Winch.—As far as is known to the 
author, no power agent has been adopted in this country 
which is more economical than the manually operated winch. 


Opinions differ as to whether a rope or a chain is the best for 
hauling. The difference in prime cost is negligible. For large and 
heavy cables a 4}-in. rope is usually used. 

The attachment of the cable to the rope or chain is a matter of 
considerable importance. For this purpose a wire “grip” has been 
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Dry Core Telephone Cables. 
(With 1o-Ib. Conductors.) 


Number of Pairs in the Several Layers. 
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Any extra pairs to be put in the outer layer. 


universally adopted, which avoids mutilation and consequent scrapping 
of the cable end. The grip consists of a woven cylinder of steel wire, 
interlaced in such a manner that contraction ensues upon the applica- 
tion of tension. In use it is simply slipped over the end of the cable, 
and tightens up when hauling is commenced. Some preliminary pre- 
paration of the end of the cable is necessary, and in some cases where 
heavy lengths are being dealt with it is advisable to open the end of 
the cable, and, laying bare the conductors for a few inches, to plumb 
them solid with the lead sheath. This ensures the tension being 
equally distributed amongst the conductors, and avoids the possibility 
of the lead sheath parting. A lubricant in the form of petroleum jelly 
is usually applied to the cable as it enters the duct. The speed of 
travel of cables varies from about 3 to 8 ft. per minute. By judicious 
arrangement it is in many cases possible to deal with cables of small 
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diameter (not exceeding 14 in.) without cutting or jointing in the maxi- 
mum lengths in which they can conveniently be manufactured. Тһе 
cable is first drawn in from a point intermediate between the two 
extremities of the section—where a break in the conduit line exists—to 
one end of the section in the ordinary way, after which the remainder 
is flaked off the drum and laid upon the ground in the form of a 
figure 8. The free end is then attached to the rope, and hauling pro- 
ceeds in the opposite direction until the whole has been laid. Lengths 
of nearly 8оо yards have been successfully dealt with in this way and 
the cost of a joint saved. 


(1) TEST FOR CONTINUITY. 
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CABLE UNDER TEST 
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(2) TESTING FOR EARTH, CONTACT, SHORT CIRCUIT. 
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CABLE UNDER TEST 


NOTE. хо detection should be obtained with all good wires. Faulty wire 
will be denoted by a deflection, and should be labelled accordingly. 


Кіс. r.— Preliminary Test (Diagram). 


During jointing and its attendant operations precautions are taken 
to secure the following :— 


.I. Minimum number of faulty circuits in the completed cable. 
2. Immunity from crossed pairs. 

3. Lead sheath perfectly air and water proof. 

4. Electrical properties up to the standard. 


Preliminary Test.—Each length of cable after being laid is sub- 
jected to a preliminary test as a primary indication of the existence of 
faulty wires, which, if found to occur in more than one length, зћоша 
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be jointed together. The number of faulty circuits in the completed 
cable should then be a minimum. The test is reliably made in the 
manner indicated by the diagram (Fig. 1), which is self-explanatory. 


$. Test for continuity. 
2. Test for earth, contact and short circuit, 


After the test has been carried out all faults should be verified and 
faulty wires labelled. 

Fointing.—In jointing especially is it necessary to observe cleanli- 
ness and to exclude moisture. In large joints where the core is 
exposed for a period of twenty hours or more the moisture absorbed 
by the dielectric from an atmosphere of varying humidity may be con- 


сом 4 о.е CONDUCTORS а UNDER. FOR 70.6 CONDUCTORS а oven. 


Fic. 2.—Details of Jointing. 


(a) For 40-16. conductors and under. 
(b) For 70-16. conductors and over. 


siderable unless proper precautions are taken. While jointing is pro- 
gressing heat is applied either constantly or at frequent intervals to 
expel moisture. After the lead has been stripped off for the requisite 
distance jointing is performed as indicated in Fig. 2. 


(a) For conductors under 7o Ibs. per mile the wires are tightly 
twisted together as shown, and insulated by a dry paper 
sleeve. 

` (b) Conductors of 70 lbs. per mile and over are similarly twisted, 
but are insulated by their paper covering, reserved for the 
purpose, and secured as illustrated by a binding of cotton 
thread. 
In both cases the paper is included in the first two twists to 
prevent it running back, and the joint is not soldered. 
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Wires of respective colours should be jointed together. Тһе 
sleeved or paper-insulated joints should be distributed to secure 
uniform diameter of completed joint, and the wires should be only 
moderately taut. After a thorough drying the joint is served with a 
binding of dry cotton tape without overlap, and immediately afterwards 
the plumbing is executed, 6 Ib. sheet 1сад, or preferably ап unseamed 
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FIG. 3.—Test for Crossed Pairs (Diagram). 


sleeve, being used. А brass nozzle with screwed cap and leather 
washer is permanently plumbed into the s|eeve, and by connection 
thereto of a flexible tube air, dried by passage through a small portable 
desiccator, is forced into the joint by means of a hand pump. A 
defect in the plumbing is shown by the continued appearance of air 
bubbles on the application of soapy water. 

The introduction of crosses is guarded against by proving each pair 
as jointed. Before commencing the first joint the extreme end of the 
first length of cable is opened, the individual pairs are very carefully 
selected, and the (a) and (b) wires of each are connected together and 


Common Oire comnechag 
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insulated. Тһе continuity of each pair is proved at every joint during 
the proceess of jointing—the joints being made consecutively—by 
means of a battery and galvanometer. Assuming that the pairs have 
been properly selected at the end of the cable, this has the effect ог— 


(a) Precluding pairs from being jointed crossed ; 
(6) Indicating a cross which may have been carelessly interposed 
at the joint last made. 


On completion of the jointing a rough test of the section is desirable 
as a means of detection of faulty wires. The test may be made in a 
manner similar to the preliminary test previously described. 

Labelling.—It is customary to assign a number to each pair of а 
completed cable for purposes of distinction. Тһе method of testing 
out -15 well known, and explanation is unnecessary. 

Tesl for Crossed Pairs.—Every completed section is subjected to a 
test for crossed pairs which may have escaped notice during the loop 
tests made at each joint. The test is diagrammatically illustrated in 
Fig. 3, and consists in sending round the whole of the pairs connected 
in parallel an alternating current, each pair being taken one at a timc 
and connected to a telephone receiver. In the diagram it is assumed 
that a cross exists, and if the circuit be traced it will be apparent that 
when the receiver is connected to a pair that is crossed with another one 
a hum will be heard on placing it to the ear. Any such pairs which may 
be found are labelled accordingly. When the whole of the faulty wires 
have been detected, it is decided whether the faults are to be located 
and cleared at once or left for attention as suitable opportunity occurs. 

Terminating Dry Core Cables.—The effectual termination of dry core 
cables is a matter presenting some difficulty. Provision has to be 
made for termination in positions fully exposed to all climatic influences 
as well as in protected places, but in all cases there exists the possibility 
of penetration of moisture to the cable core. Three typical methods of 
termination in present use are mentioned below :— 


1. Cable Heads or Terminals.—In these the end of the cable is 
hermetically sealed within a metal or other chamber, con- 
nection being made to the external circuit by means of 
suitable insulated terminals. Details of a terminal of this 
type, designed by Мг. 5. Р. Grace, of Pittsburgh, and made 
by the Western Electric Company for external use, are given 
in Fig. 4. It consists of a cast-iron chamber with suitable 
lugs for attachment to its support and a cast-iron lid hinged 
at the top. Ina recess in the box there is fitted a porcelain 
block, through which brass pins extend, provided in the 
inside with soldering tabs and on the outside with screwed 
nuts and washers. The cable enters through a brass nozzle 
to which its sheath is plumbed, and the wires are soldered to 
their respective tabs. The rear compartment is subsequently 
filled with molten insulating compound through a hole at 
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the top, which is afterwards sealed by a screwed plug. 
Connection to the external circuit is made by rubber 
insulated leaders as shown. 
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FIG. 4.—Cable Terminal--W.E. Туре 14 (Drawing). 


2. Potheads.—The cable is sealed by jointing its wires to vulcanised 
indiarubber leaders enclosed in a lead sleeve—to which the 
cable sheath is ultimately plumbed—impregnated with a 
molten compound, which, when set, forms an air-tight plug. 
*Potheads are usually manufactured locally as follows : The 


Fic. 5.-- Pothead. Еш. 6. —Pothead Mounted 
on Pole. 
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requisite number of V.I.R. leaders аге cut to thg proper 
length, and at one end of each the outer tape and braiding 
is very carefully removed for a distance depending upon the 
size of the pothead being made. It is essential that the 
dielectric should be stripped clean and be free from injury. 
The leaders are then tightly and neatly bunched, the stripped 
portions being laid evenly together, and a lead sleeve of the 
proper diameter and length is slipped over them and secured 
at such a point that it encloses the stripped portions, sufficient 
only being left protruding for jointing to the dry core cable. 
At this end the lead sleeve is beaten on to the stripped leaders 
which are protected from injury by a binding of insulating 
tape. Insulating compound at a temperature of from 250? 
to 280° F. is then run into the sleeve in such a manner as to 
ensure it being well filled and the leaders being thoroughly 
enveloped. When cold, an air-pressure test is applied, the 
mouth of the sleeve and the leaders being immersed in water 
so that a leak may be indicated. If sound, the pothead may 
be used as it is for sheltered situations, but for exposed 
positions it should be fitted with a lead cap of suitable 
dimensions. Тһе inverted cap is partly filled with melted 
compound, and after the leaders have been doubled back 
and uniformly arranged along the pothead sleeve containing 
them, the same is inserted and forced well into the cap, 
superfluous compound being expelled. When cold the pot- 
head is complete and may be jointed to the dry core cable in 
the usual manner. Fig. 5 is from a photograph of a com- 
pleted pothead, and Fig. 6 is an illustration of a pothead 
mounted on a pole. 


3. Terminating by means of Silk and Colton Lead-covered Cable.— 


For inside positions the present practice in terminating a 
cable of over 50 pairs is to joint it to a special length of 
silk and cotton insulated lead-covered cable, the intervening 
joint being filled solid with paraffin wax as a means of isolating 
the paper core from the atmosphere. Тһе end of the silk 
and cotton cable, which is to be connected to the terminal 
apparatus and will be permanently exposed, is stripped of 
its sheath for the necessary distance, and the exposed core 
is immediately well saturated with beeswax. Тһе beeswax 
should be maintained at a temperature of not less than 200? F., 
preferably by means of a water-jacketed waxing tank, and 
the cable should not be withdrawn from the wax until the 
cessation of bubbling shows that all moisture has been 
expelled. The wax is allowed to penetrate under the lead 
sheathing as far as possible so that air is excluded from the 
cable core. Afterwards the waxed wires are formed out in 
a manner consistent with the disposition of the terminals to 
which they are ultimately to be connected. 
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The joint between silk and cotton and dry core cables is made 
іп the usual manner except that the wires аге left а little 
looser and that the ends of the joint are packed with dry 
cotton-wool interposed between the layers. The taping is 
omitted, and after being thoroughly dried the joint is 
plumbed. If the respective tests for insulation and plumbing 
are satisfactory the joint is immediately filled solid with pure 
рагаћп wax. When cold another insulation test and ап 
air-pressure test are applied. 


Air-pressure Test.—To prove that the sheath of all jointed cables is- 
sound an air-pressure test is desirable. Air which has been chemically 
dried is applied under pressure to one end of the cable until a pressure 
of about 12 Ibs. per square inch is registered by special pressure gauges 
fitted at its extremities. The air supply is then shut off, both gauges 
being left connected. ТЕ the pressure is maintained without appreciable 
drop for, say, 1o hours, it may be taken as proof that the cable sheath 
is air-tight and the cable may with safety be brought into use. 

Tests for Insulation, Conductivity, and Сарасиу.—1 is not intended to 
describe these tests, as the methods adopted and apparatus used are 
well known. Тһе capacity test is usually dispensed with. Тһе con- 
ductivity test serves as a check as to length, and proves the resistance of 
the twisted joints. "The insulation test is of greater importance as the 
insulation resistance is liable to considerable variation. 500 megohms 
per mile of circuit may be taken as an average standard, and when the 
diclectric consists of dry paper core only it shóuld be much in excess 
of this.  Potheads, cable heads, and silk and cotton cables with filled 
joints detrimentally affect the insulation. 

Desiccation.—An improvement in the insulation of air-space cables 
is readily accomplished. Atmospheric air, from which all moisture has 
been extracted by being passed through tubes containing calcium 
chloride, is forced at a pressure of from 15 to 20 lbs. per square inch 
through the cable of low insulation. The moisture is absorbed by the 
dry air and expelled along with it at a vent opened in the cable at a 
suitable point. Fig. 7 represents a desiccating apparatus which is 
being fitted by the National Telephone Company at its important 
exchanges. A motor-driven air compressor supplies air at regulated 
pressure to a chamber which is connected to four vertical cast-iron 
cylinders. Тһе cylinders are connected in series, and the chloride of 
calcium is distributed within them on perforated brass trays supported 
at equal intervals by a central rod. Each cylinder is provided at the 
top with a flanged lid secured by bolts and made air-tight by a rubber 
washer, and at the bottom with a blow-off cock for drawing off the 
extracted moisture. Тһе first and last cylinders are fitted. respectively 
with a lever valve for regulating and a gauge for indicating the 
pressure. 
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DISCUSSION. 


e » 
Mr. Stuart. Mr. DuDLEY STUART: I would point out the great increase in the 


number of wires now contained in a cable of suitable size to be drawn 
into a 3-іп. duct. А few years ago а тоо-рг. cable was the largest size 
available, but it is now possible to draw a боо-рг. cable into a duct 
of this diameter. One reason for this advance is that the National 
Telephone Company have been able to introduce a cable with 10 lb. 
per mile conductors, and by this means they obtain the боо-рг. cable, 
which from a mean diameter of 2°55 in. has been gradually cut down 
to 2:34 in.; I assume every one will appreciate the advantages in the 
matter of price per duct circuit. 
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The policy adopted by the National Telephone Company in the 
purchase of these cables is to give the manufacturers as free a hand 
as possible—electrical conditions always excepted—and to avoid tving 
them too closely to a specification. "The result of this policv is to 
encourage enterprise on the manufacturer's part in making any im- 
provements in the cables, such as a reduction of diameter. I think 
that engineers generally, both on the power and on Ше telephone side, 
are apt to bind suppliers down too much to the specification, with the 
result that manufacturers have been handicapped by not always being 


able to introduce improvements which, with their experience, might 
have been valuable. 


1909.] OF DRY CORE TELEPHONE CABLES: DISCUSSION. 649 


è 

The National Telephone Company have made a special study of the 
question of correct sheathing for dry core lead or alloy-covered cable, 
as there appeared to be some difference of opinion between various 
authorities, although the Company had always made alloy sheath their 
standard practice. In Table I. I give a summary of the results of 
investigations of lead as against an alloy of lead and 3 per cent. of 
tin, and the deduction which I make is that the alloy offers the greater 
advantages. 


TABLE I. 


Comparison of Pure Lead and 3 per Cent. Tin Lead Alloy. 


| | НСІ | More suitable 


| Ргорег{у. Summary of Results of Investigation. | Material. 
E —— ——— Б М, жы 
Breaking stress, 3 per cent. {йу 
Tensile strength d 3980 lbs. ей vie Alloy. 
| Pure lcad, 2,620 . jus 
Hardness -— Ratio alloy = 172 Е Alloy 
pure lead | 
| Ratio of number of alternate?) 
strains to produce рег- || | 
| Pliability een manent deformation — . Lead. 
| lead _ 394 _ ia қ | 
| alloy 298 J | 
| | | m : | 
Ability to resist §; Evidence not suthcient to decide | 
corrosion | either way | | 
| | 
Це А of bend- T For a sheath of given thickness ` Lead. 
For a sheath of given thickness | Lead 
Cost For a sheath ot given n Allov 
strength ... А 


. 
E 
| 


In pliability it сап be seen that lead has the advantage, but as the 
number of alternate strains to produce permanent deformity is far in 
excess of that likely to be experienced in practice, pliability is 
neglected. For facility of bending, also, lead is superior, but this 
superiority can also be neglected, as it is obvious that for a given 
tensile strength the resistance to straightening must be the same for 
whatever material may be employed. "This leaves tensile strength 
as the only factor worth considering, and as for a given tensile 
strength alloy is the cheaper, the National Telephone Company's 
practice can be readily understood. 


Mr. Stuart. 


Mr. Stuart. 


Mr. 
Baldwin. 
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If, however, the price of tin were to become abnormally high, of 
course it would be necessary to reconsider the question. 

As to conductors of 70 158. and upwards, those are provided on long 
circuits for transmission purposes. А cable has been designed (not by 
the National Telephone Company) made up of conductors of equal 
weight, for which it is claimed that by combining a number of circuits 
the transmission equivalent of heavier conductors can be obtained ; 
but tests do not support the claims made. In Fig. A I give a curve 
illustrating the shortcomings of the cable made up on this system, both 
as regards transmission and cost. 

Мг. BALDWIN (in reply): I have to thank Mr. Stuart for kindly 
supplementing my paper with such valuable information. I would 
point out, however, that I mainly intended to put forward the methods 
adopted in performing various operations as carried out by the National 
Telephone Company, in which the best results are secured. As it isa 
practical paper, I have purposcly omitted everything on the design and 
construction side. Of course a great deal of importance is attached to 
the design of these cables, but if the operations to which I have 
alluded are not carried out in practice in a proper and careful manner, 
I am afraid that much of the labour spent in design will be wasted. 
Mr. Stuart referred to the relative qualities of pure lead and lead-tin 
alloy for cable sheaths. I agree that a greater mechanical strength 
is obtained from an alloy sheath containing about 3 per cent. tin, and 
that the alloy sheath possesses advantages over the pure lead. Tensile 
strength is an essential quality as in hauling in cables an appreciable 
strain is imposed оп the lead. It would be a serious matter if it parted, 
and the location of the break might present considerable difficulty. 

As regards the Martin Dieselhorst cable which Mr. Stuart men- 
tioned, in reading my paper I omitted to say that the conductors of 
heavier section than до Ibs. referred to are provided in cases where 
lines of higher transmission value are required. 

This is the practice adopted by the National Telephone Company, 
and the curves given by Mr. Stuart very clearly show the merits of this 
system. 
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ELECTRICITY WORKS AND REFUSE 
DESTRUCTORS. 


By ]. A. RoBERTSON, Member. 


(Paper received from the GLasGow Locar SECTION, February 8, read 
at Glasgow on April 13, and at Dublin оп May 13, 1909.) 


The utilisation of heat from refuse destructor furnaces to'generate 
electricity has received much attention both in Europe and America 
during the past decade. Although the first combination of a destructor 
with a municipal electric supply undertaking took place at Shoreditch 
so recently as 1897, there are now no less than 73 such undertakings in 
this country in operation, and these are being added to at therate of about 
20 per annum. It may be taken for granted that in most cases these 
installations have proved successful, but there have also been some 
notable failures, and the value or otherwise of the combination still 
forms a subject of controversy amongst station engineers, including 
those who are in charge of combined works. 

The author was called on about three ycars ago to investigate the 
subject on behalf of his Committee, and more recently to design and 
supervise the equipment of a combined installation at Greenock, which 
has been in operation during the past year. He trusts that the results 
of his experience, which are embodied in the following paper, may 
prove of some interest to other central station engineers, and may also 
help to remove some of the misconception which still exists on the 
subject. 

It may be laid down as an axiom that the disposal of towns' refuse 
by cremation is primarily a sanitary measure. The increasing difficulty 
of finding a suitable tipping-ground, reasonably near the area of collec- 
tion, and yet free from possible objection on the score of nuisance, has 
made the destructor a necessity in nearly all large inland towns. The 
possibility of reducing the cost of disposal by the sale of scrap iron 
and furnace clinker, or by the utilisation of what would otherwise 
be waste heat for steam-raising purposes, naturally appeals to those . 
responsible for municipal administration, and in some instances it 
would appear as if the commercial aspect of the question has received 
undue prominence. In some quite modern installations one may see 
large heaps of refuse stewing on the top of hot furnaces and being 
turned over and sorted by hand to recover old bottles and scrap iron. 
The author submits that by dealing in this manner with such obviously 
objectionable material, local authorities are introducing those very 
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conditions which the destructor is designed to prevent, and it cannot 
be too strongly insisted upon that all question of profit in operating the 
destructor should be subservient to the requirements of cleanliness and 
public health. 

It is proposed to show in this paper that appreciable benefit can 
be obtained from the combination of electricity works and refuse 
destructors under certain conditions. The first is that there should 
be a fairly steady demand for energy on the electricity works. 

The refuse must, of course, be collected daily, and it is desirable for 
sanitary reasons to transfer it from the collecting carts to the furnaces as 
quickly as circumstances permit. But unless the steam from the destructor 
can be utilised during the greater portion of the 24 hours, it will be 
necessary either to provide sufficient furnace capacity to burn a дау 5 
collection in a comparatively short period of time, storing the material 
as it is delivered, or to bye-pass the hot gases from the furnaces direct 
to the chimney. Apart from the objection which may be taken to the 
storage of refuse on the destructor premises, the standing charges on 
the additional capital will form a serious item in the total costs of the 
undertaking, while the bye-passing of the furnace gases at а tempera- 
ture varying from 1,200? to 2,000? Fahr. is not desirable, and will lead 
to rapid deterioration of flues and chimney brickwork. For these 
reasons, therefore, and for the further reason that in order to justify 
the combination in most cases, the whole, or nearly the whole, of the 
available heat must be utilised, it follows that a continuous load 
must be available at the power station. Іп residential districts where 
current is used chiefly for lighting purposes, it is questionable if any 
benefit is obtained from linking up the two undertakings, and in many 
cases it will be found that the disappointing results obtained are due to 
an imperfect consideration of this condition. Each case requires to be 
carefully studied on its merits, with due regard to local conditions 
such as the price of fuel, the quality of refuse, and especially the 
nature of the demand on the power station. Generally speaking, it 
may be said that in those industrial districts where a power load exists, 
or where a tramway supply forms part of the output of the station, the 
refuse destructor and electricity works can be combined and operated 
with financial benefit to the community. . 

The application of thermal storage systems and the employment of 
storage batteries have been suggested as remedies to level up the load 
on the destructor boilers at times when there is little or no demand for 
electricity. Thermal storage was employed in the Shoreditch installa- 
tion, but does not appear to have made any further headway since, 
while the heavy capital cost and high maintenance charges of storage 
batteries would in most cases neutralise any advantage to be obtained 
from utilising the destructor steam. 

The refuse itself may be looked on as a low-grade fuel, which can 
be obtained free of cost, but requiring the employment of special plant 
for its combustion. It is found that the material varies in quality 
according to the district in which it is collected and in thc different 
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seasons of the year. No definite rule seems to apply, but taking the 
average of a number of towns in this country I have ascertained that 
from 15 cwts. to 1 ton of refuse is collected per 1,000 inhabitants per 
day. Тһе calorific value also varies in different parts of the country 
and in different districts of the same town. Іп coal-mining districts, 
the refuse is naturally better in quality than where coal is dear. It is 
also the case that the material richest in carbon comes from ashpits in 
the working-class districts, and it would appear as if the inefficiency of 
the ordinary domestic fire-grate was responsible for the remarkable 
steam-raising results obtained in many industrial towns. Тһе worst 
quality is tradesmen's shop refuse or garden sweepings from resi- 
dential districts. Тһе chart (Fig. 1) shows the variation in delivery at 
Greenock during different periods of the year, and as the quantity of ash- 
pit refuse is less in summer, it will be seen that the value of the whole 
delivery is correspondingly reduced, so that while it is possible to 
obtain results as high as 86 units per ton in October, the figure in July 
falls as low as 24 units per ton. It has been suggested that in certain 
cases it would be profitable to reinforce the refuse with low-grade coal 
or coke dust in order to secure uniform steaming, and if a simple 
process of this kind could be devised which would enable the 
destructor boilers to be worked at or near their full capacity, irre- 
spective of variations in the quality of the refuse, the steam-raising 
results could be enormously improved. There are difficulties, however, 
in designing a furnace to burn refuse and coal at the same time, and 
as matters stand the great diíference in the quality of the refuse 
delivered from hour to hour and throughout the year constitutes the 
most serious drawback in combined installations, entailing the use of 
standby coal-fired boilers to ensure steady steam pressure at the engines. 

The principal objection to combined installations by station engi- 
neers is the presence of dust or fine grit which finds its way into the 
епріпе-гоот with bad results to the generating plant. The dust arises 
partly from the tipping of refuse—especially in dry weather—and in 
the operation of clinkering the fires, but is mostly due to the crushing 
and screening of clinker. It is only fair to point out that in most cases 
the dust objection might have been avoided, or at least obviated, by a 
better arrangement of buildings, and the author can affirm that in the 
Greenock installation no real trouble has been experienced from this 
cause. 

In selecting a site for a combined works the question of nuisance 
should not, however, be overlooked, and while destructors may be found 
in daily operation in the very centres of some large towns, it is 
desirable, if possible, to prevent any cause for objection. The storage 
of green refuse, containing vegetable or animal matter, is likely to give 
trouble, but the nuisance mostly feared—i.e., the emission of dust or 
oftensive gases from the chimney—should not be possible in a modern 
plant, and is in all cases due either to improper design or to neglect in 
cleaning out Hues and combustion chambers. Asa matter of fact, the 
emissions from the chimney of a modern destructor are nearly trans- 
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parent in colour, and less objectionable than the gases liberated from 
hand-fed coal-fired boilers. 

Design of Destructor Plant.—It is not proposed to deal with the 
evolution of destructor design, nor to describe in detail the different 
types of plant now in use. These subjects have been dealt with else- 
where, and the following remarks will therefore be confined to some 
of the more important points in designing a modern installation, with 
special reference to the works under the author's supervision at Greenock. 

The problem to be solved is the destruction by fire under sanitary 
conditions of material which contains only a small percentage of 
combustible matter, and which is constantly varying in quality, in such 
a manner as to utilise to the fullest extent the heat obtainable from com- 
bustion in the production of steam. The points which call for special 
attention are the charging or feeding of the refuse into the furnaces, 
the system of forced draught employed, the design of furnace and 
combustion chamber, and the position and фуре of boiler. 

Charging.—The general practice hitherto has been to feed the refuse 
into the furnaces by manual labour. "There are three systems of hand 
feeding which may be classified as follows:— 


(a) Front Shovel Feed.—Charging and clinkering are performed 
by hand labour through a door in front of the furnaces. 

(b) Back Shovel Feed.— Тһе refuse is fed by hand labour into the 
back of the furnace at the opposite end from the clinkering 
door. 

(с) Top Feed.—The refuse is tipped from an elevated cartway on 
top of the furnace. It is then drawn or pushed through 
an opening in the furnace roof and falls on a drying hearth, 
where it is manipulated from the clinkering door. In some 
cases a large storage bin has been erected above, but sepa- 
rated from ће furnace, to obviate the objectionable practice 
of storing green refuse on a hot furnace top. 


Тһе drawbacks to all hand-fed systems are the reduction in tem- 
perature consequent on the inrush of cold air when charging, and the 
amount of manual labour necessary for shovelling such difficult material 
—a process which is arduous and not clean. Simplicity is considered 
the chief recommendation of hand-fed systems, and it is claimed 
that by selecting and feeding the refuse better steaming results can 
be obtained than with other systems. 

Mechanical Charging.— The earliest and best known is Boulnois and 
Brodie's system in which movable iron trucks are employed. The 
movement of a charging truck opens and closes the furnace door, so 
that the whole operation of depositing the refuse from the carts into 
the furnaces is carried out without the intervention of manual labour. 

The system adopted in the Greenock installation is the automatic 
“tub-feed” system, which found favour chiefly on account of its 
sanitary advantages. In this system the refuse is tipped from the 
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collecting carts into tubs or skips, each skip containing one load. The 
skips are then lifted by an electric crane and deposited on a storage 
platform, where they are kept till required for charging. This platform 
is erected over the clinkering floor, and is separated from the furnace 
brickwork to ensure cool storage. То charge a furnace, the skip is 
lifted from the platform by the crane and is placed on a movable 
cradle directly over the furnace opening, which is fitted with a water- 
scaled door. When released by the crane, the weight of the skip 
operates a system of levers and a balance weight in such a way as to 
lift the water-sealed door off the furnace and draw it to one side, 50 
permitting the cradle to descend to the mouth of the charging door. 
The bottom of the skip consists of two hinged doors suspended so that 
when the skip reaches the proper position, the doors open outwards, 
and the contents of the skip are deposited directly into the furnace. 
The crane then lifts the empty skip, and the water-sealed door, actuated 
by the balance weight, is drawn back to its seat, the whole operation ot 
opening the door, charging, апа reclosing the door having occupied 
less than a minute. 

The principal advantage of the system is, of course, its comparative 
cleanliness, and as the process of lifting the skips and charging the 
furnaces of an installation capable of cremating 100 tons in 18 hours can 
be performed entirely by one craneman per snift, the saving in labour 
cost as compared with hand feeding is an important consideration. 
With this method of charging, the reduction of temperature which takes 
place during the slower operation of hand firing is largely overcome, 
and the efficiency and capacity of the furnace is correspondingly in- 
creased. The disadvantage of the system is that it prevents апу 
selection ог proportioning of the charges, while the deposition of а 
whole cart-load of green refuse into the furnace at one charge is apt to 
cause fluctuations of temperature with consequent variation in steam 
pressure. : 

Furnaces and Boilers.—l1n modern destructor plants the following 
are essential features :— 


I. Furnace chambers or cells designed so as to embody the 

principle of mutual assistance in operation. 

2. А combustion chamber of sufficient capacity іс maintain а 
high temperature under all conditions of working апа 
designed to act as an efficient dust trap. 

. А system of forced draught. 

. One or more boilers situated between the combustion chamber 
and the chimney. 


+ G2 


Nearly all plants now in operation can be separated into two groups 
--1.с., those in which the furnace chambers or cells—as they are termed 
—are isolated from each other, the hot gases from two or more cells being 
led into a common combustion chamber, and those in which a number 
of grates—usually three ог four—are grouped in a common furnace, 
separate firing doors and ash-pits being provided for each grate. In 
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the isolated system the cells are generally arranged in pairs, each pair 
with its boiler forming one complete unit. By charging the cells 
alternately, the combustion chamber is kept at a fairly level tempera- 
ture, with a minimum of variation in the steam pressure of the boiler. 
Ап advantage of the system is that one unit can be shut down for 
repairs without affecting the operation of the others. This method of 
construction has been largely used by the Horsfall Destructor Company 
and other makers. 

In the common furnace system of construction, only one of the 
sections, into which the grate is divided, is charged and clinkered at 
a time, and it is claimed that by charging frequently in small quanti- 
ties, a maximum temperature can be maintained in the cell itself. Тһе 
smaller amount of brickwork exposed to high temperatures as com- 
pared with the isolated cell system is an undoubted advantage in Кеер- 
ing down the cost of repairs—a serious item in all destructor plants. 
The common grate furnace is a feature of the “ Meldrum” simplex 
destructor, and a successful installation of this type has been installed 
at Preston for supplying current to the tramway system. The destruc- 
. tor plants designed by Messrs. Heenan & Froude are constructed on 
the same principle, but instead of one large arch over the battery of 
grates, this firm employs a series of small arches arranged parallel to 
each other. Itis claimed that the undulations in the arching produce 
eddy currents in the furnace chamber, thus mixing the gases more 
thoroughly and ensuring complete combustion. 

The object aimed at is the maintenance of high temperature in the 
products of combustion utilised for steam raising, and to obtain this it 
is essential with both types of construction that a large combustion 
. chamber be provided beyond the furnaces, where all gases may be 
finally intermingled and cremated before coming in contact with the 
boiler. It is quite impossible to ensure that no green or partly burned 
gases will ever pass into the flues, and it is therefore essential that the 
chamber should be capable of storing sufficient heat in its brick 
walls to reduce the disturbance of temperature in the cells during 
charging and clinkering. The curve (Fig. 2) taken by an electrical 
pyrometer in the combustion chamber of one unit of the Greenock 
plant shows clearly the rise and fall of temperature during these 
operations. The second function of the combustion chamber is to 
trap as much as possible of the dust liberated from the furnaces, апа 
as considerable trouble is experienced owing to the deposition of dust 
and grit on boiler tubes, and to the choking of the flues from the same 
cause, it is desirable to construct the combustion chamber with a 
settling pit of large capacity, suitable access doors being provided for 
periodical cleaning. 

The position of the boilers with relation to the cells is an important 
factor in the maintenance of high temperature. In some designs the 
boiler is sandwiched between two cells, the gases from the fires 
passing through side openings into a combustion chamber directly 
beneath the boiler tubes. This design has been largely adopted, and 
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FiG. 2.—Greenock Destructor. 
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at first sight it would appear that by bringing the boiler close to the 
fires the maximum heat available will be absorbed and radiation losses 
avoided; but, on the other hand, the placing of such a large area of 
boiler surface at a comparatively low temperature in close proximity 
to the fires actually tends to retard the process of combustion, and the 
gases from newly charged refuse coming into contact with the cooler 
tubes of the boiler may pass uncremated into the flue, and thence to 
the chimney. The better practice is to place the boiler beyond the 
combustion chamber, so that the green gases from newly charged 
refuse in passing through the chamber will combine with a large 
volume of higher temperature gases, thus becoming thoroughly mixed 
and cremated before they are brought into contact with the com- 
paratively cool surfaces of the boiler. 

Draught and Combustion.—The possibility of utilising destructor 
heat for steam raising is undoubtedly due to the employment of forced 
draught for combustion. The large increase in the rates of burning 
through working at higher temperatures, and the fact that destructors 
can now be operated in populous districts without giving rise to 
nuisance, may also be credited to the same cause. Much controversy : 
exists regarding the comparative merits of steam blowers and fan- 
produced draught for assisting combustion. It is claimed for the 
steam jet that it is less costly to instal, that the life of the fire-bars 
is more prolonged, and the process of clinkering the fires less arduous 
than with fan draught. Another claim, which is sometimes questioned, 
is, that the steam jets in contact with the hot fuel produce a water gas 
which is of great value in raising the temperature of combustion. On 
the other hand, it is admitted that the amount of steam required for the 
steam jets is from 10 to 15 per cent. of the total steam generated in 
the destructor boilers against 4 or 5 per cent. for steam-driven low- 
pressure fans, and that although clinkering is easier, the quality of 
clinker is more fragile and not so suitable for building purposes. 

The advantage of hot-air draught for all combustion processes 
is generally recognised, and the gain in efficiency by its use in 
destructor plant is beyond dispute, especially as the added temperature 
is usually obtained by heat which would otherwise be wasted. By 
placing a suitable heater in the main flue and passing the air through 
it before delivery to the furnaces, it is possible to add 300° to 400? Fahr. 
to its temperature, with a corresponding rise in the temperature of com- 
bustion. Another advantage of fan draught is that the air supply can 
be made to regulate itself to the requirements of the fuel. The amount 
of carbon in гес зе may vary from то to 40 per cent., and to ensure 
complete combustion under all conditions the air supply should be 
capable of close regulation, and this can be easily attained with fan 
draught, either by hand-operated valves or by using a separate fan 
for each furnace driven by a shunt-regulated variable-speed motor. 
In most installations in this country the average draught pressure 
employed is from 1 to 2 in. of water column in the ash-pit, but much 
greater pressures can be employed with suitable fire-bars and thick 
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fires. The Greenock plant was originally designed for a pressure of 
9 to 12 in., and it was found possible with this pressure to work with 
hres from 18 in. to 2 ft. in thickness. The fire-grate is formed of solid 
iron bars perforated with numerous small holes through which the air 
is forced into the refuse. The experience gained after а few months’ 
experimental working led finally to the adoption of an average pressure 
of 6 in., which appears to suit the varying conditions as efficientlv as 
the higher pressure, with the advantage of economising the amount 
of power absorbed by the fans. The {уре of air heater usually 
employed consists of a battery of tubes built into the main flue, but in 
the Horsfall destructor the air is heated by passing it through side 
boxes in the furnace itself situated between the brickwork and the 
grate. It is found that their position here lessens the deterioration 
of the brickwork and assists the process of clinkering, but the author 
has found in practice that the comparatively small heating surface of 
the boxes and the rate at which the air must travel through them does 
not permit of a higher temperature than 180° Fahr. being attained at 
the outlet, while a further disadvantage is that as the amount of heat 
imparted to the air depends on the temperature of the furnace, the 
draught is lowest immediately after charging, 1.е., just at the time 
when high temperature is most needed to dry the refuse and to 
commence combustion. 

An ingenious system of superheating the air draught has been 
introduced by Messrs. Heenan & Froude in a destructor plant recently 
erected in Richmond, U.S.A. "The furnaces are of this firm's standard 
hand-fed type, with four grates and divided ash-pits. А secondary 
chamber is provided below the furnace grate, and, after the refuse has 
been cremated, the hot clinker is manually withdrawn from the furnace 
and falls through an opening into the chamber beneath. A fresh 
charge is then fed into the furnace, and the air required for com- 
bustion—which has previously been drawn through an ordinary air- 
heater in the main flue—is passed through the hot clinker in the 
chamber before being delivered to the fires. Additional temperature 
is thus added to the air just when it is most required, and the clinker 
is also cooled down so that the process of withdrawing and barrowing 
away is rendered much easier than it would be in the ordinary way. 

The employment of fan draught has led incidentally to an improve- 
ment in the usually trying conditions under which the men work in 
the destructor house, as the fan inlet can be carried to the roof, and 
all dust and fumes drawn into the suction duct, and thence delivered 
by the fan to the furnace ash-pits. There must always be, even with 
the best design of plant, a considerable amount of dust given ой 
during the process of clinkering fires, and this improvement in the 
atmospheric conditions allows of the work being carried out with 
greater comfort and more expedition than would otherwise be the case. 

Boilers.—The two types of boilers in general use for destructor 
work are Lancashire and water-tube, the latter either of the marine or 
land type, although in one or two cases the tubular marine type has 
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been successfully employed. The Lancashire boiler appears to possess 
special advantages for destructor installations, inasmuch as its larger 
steam апа water capacity compensate to some extent for the tempera- 
ture variations due to unequal quality of the fuel. The water-tube 
boiler, while responding quickly to any rise in temperature, loses its 
temperature quite as rapidly. Оп- ће other hand, it occupies less space 
than the Lancashire or marine type, and can be more easily kept 
clean—an important advantage when dust is present in large quantities. 
Its lower steam and water capacity is a disadvantage in small indepen- 
dent installations, but this becomes less important as the number of 
boilers increases, and disappears entirely when the plant is used іп 
conjunction with coal-fired boilers. It is usual to provide auxiliary 
coal-fired grates, with destructor boilers to increase the duty at times 
of abnormal demand ; but the author has found that the ргевепсе of hot 
gases from the destructor furnaces retards the process of coal combus- 
tion, and the actual benefit of the auxiliary coal-fired grate lies in the 
use which can be made of it when, through any reason, the destructor 
furnace is out of action. The experiment of forcing the boilers by 
mixing a charge of refuse with a smaller charge of coal in the 
destructor furnace was not a success, for on cleaning out the fires 
the coal was found only partially burned, the remainder being 
embedded in the clinker, which had apparently protected .it from 
combustion. 

The ссопоту due to superheating steam is universally recognised 
with coal-fired boilers, and as the destructor boiler plant in combined 
works is generally situated some distance from the engine-room, the 
losses from steam-pipe radiation are comparatively great. Itis possible, 
by superheating, to ensure that at least dry steam only will be delivered 
at the engines, while the losses through drains and steam traps are 
materially reduced.: 

In the Greenock installation the marine type of water-tube boiler 
is emploved, and the hot gases from the destructor are passed 
once through the tubes in an upward direction, the superheater being 
placed between the upper and the lower sections. Тһе temperature 
chart, Fig. 3, shows what might be called three stages in (һе тапи. | 
facture of steam for use in the engines. First, the temperature of the 
hot well about 90° Fahr. after condensation of the exhaust steam, 
thence after delivery by the pumps the feed water is raised to a 
temperature of about 300° Fahr. in the economiser by the flue gases, 
and then passed through the boiler, where it is evaporated into steam 
at 200 lbs. pressure, and finally through the superheater, being delivered 
from the latter at a temperature of about 550% Fahr. The distance 
between the destructor boilers and the engine stop-valve is about 
100 ft., and it is found that in travelling through this distance the 
average temperature loss at normal full load is 40? Fahr. 

The high outlet temperature at the economiser gives the impression 
that full advantage is nót being taken of the available heat in the 
boilers, and it might be possible by providing baffle walls in the boiler 
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sections to absorb more heat in steam raising, and so reduce the 
temperature of the gases in the main flue; but from experiments 
made in this direction it is doubtful whether any real advantage would 
accrue. Тһе reason appears to be that the dust which collects around 
the baffle plates and which can only be partially removed by cleaning 
while the boiler is under duty, reduces the available heating surface, 
with consequent reduction in the capacity and efficiencv of the boiler. 
This question of dust in destructor flues and boilers has not always 
received the special attention by designers that its importance deserves, 
and the poor results obtained in many combined stations may generally 
be traced either to imperfect design of combustion chamber and RUE 
ог to insufficient space being allowed for dust settling. 

However perfect the design of destructor furnaces, good results can 
only be attained if proper methods are employed in managing the 
installation. In coal-fired boilers, stoked by hand labour, we know 
that the efficiency may vary by as much as 20 or 25 per cent. with 
a change in the men employed. The importance of the stoker is, 
therefore, much greater when low-grade fuel such as town's refuse is 
dealt with, and to obtain continuity of temperature the most саге ши 
attention has to be given to the strength of air blast and the manage- 
ment and spreading of the fires. If the fires are allowed to blow into 
holes an immediate cooling effect takes place, and one reason for 
the difference between results obtained on trials and the average 
results over a longer period is probably the careful expert supervision 
—generally by the maker's representative—when test runs are being 
made. In burning refuse with heated air it is possible, if the fire is not 
carefully managed, to produce the appearance of perfect combustion 
on top of the fire, while the under side next the fire-bars does not rise 
above the temperature of the incoming air. To overcome this the fire 
requires to be “managed,” and so far the only method of doing this is 
by careful mixing and stirring of the refuse while it is burning. 

It has been said that the best clinker is produced when the cells 
are also worked to the greatest advantage for steam-raising purposes ; 
but the author's experiences does not confirm this opinion, as he has 
found that with most classes of refuse a hard clinker cannot be pro- 
duced unless the material is kept burning for some time after the 
maximum temperature has been attained, whereas for steam-raising 
purposes it is desirable that the maximum temperature should be 
attained as rapidly as possible, and the products of combustion with- 
drawn from the fire before the cell begins to cool down. 

Supervision. —There have been differences of opinion, in many cases, 
as to which department should supervise the working of the destructor, 
but from the experience already gained it is now generally admitted 
that if the best results are to be obtained, the department which is 
responsible for utilising the steam should also control its production. 
It should not be overlooked by local authorities that the successful 
management of a modern destructor plant require quite as much care 
as a coal-fired boiler installation, and it is therefore necessary that the 
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management and working of the plant should be in the hands of those 
who possess the reqüisite training and experience to fit them for 
this work. 

‚ Financial Results.—The value of destructor steam to the electricity 
undertaking is a subject which has caused the widest difference of 
opinion. On the one hand we have the exaggerated estimates of the 
enthusiast —not always a destructor maker—and on the other the oft- 
repeated opinion from station engineers that the combination is 
unsatisfactory in practice and valueless in results. The truth, as 
usual, appears to lie between extremes. There is no doubt whatever 
that the calorific value of ordinary town's refuse is sufficient to produce 
a considerable amount of steam if burned under proper conditions. In 
Liverpool, where боо tons of refuse are burned every day, no less than 
9,209,369 units were generated from destructor steam during 1907, and 
this result has been obtained with non-condensing compound engines, 
using со lbs. of steam per kilowatt-hour. In other towns where the 
destructor is linked with the electricity undertaking equally good 
results can be shown, and it is somewhat significant that the returns 
in the Electrical Times Table of Costs prove that in most cases the 
fuel costs of combined stations are lower than in similar stations run 
entirely on coal. In view of the assertion frequently made that the 
destructor is a burden on the electricity undertaking, it is interesting to 
find that in the Metropolitan districts the lowest fuel costs аге claimed 
by Hackney, a combined station; while amongst smaller provincial 
towns another combined station—St. Helens—has long been noted for 
its low fuel cost per unit. The Liverpool undertaking, which returns 
0'35d. per unit as its total fuel costs, only pays the Cleansing Depart- 
ment o'2d. per unit for the 9,000,000 units generated at the destructor 
stations. At Partick, the first combined station in Scotland, the fuel 
costs were remarkably low for some years, the minimum figure of 
o'20d. per unit sold being returned for 1905-6, when the bigger under- 
taking in Glasgow, with ten times the output, could only reach 0'234. 
per unit. These facts give the impression that while in some cases the 
value of the destructor steam may be overestimated, there are others in 
which it does not receive its due share of credit. 

The various methods employed in combined stations to determine 
the value of the destructor steam have been the subject of much 
contention. Тһе problem is rendered more difficult by the fact 
that all the boilers usually deliver to a common steam main, and that 
no accurate device exists at present for the measurement of live 
steam. Special tests for short periods to show the evaporation of 
water per pound of refuse burned are of little value owing to the 
varying quality of the materials dealt with, and electrical tests on 
the basis of units generated, which are possible in those works 
where the generators can be run exclusively from destructor steam 
at certain periods of the day are also doubtful, as they do not take 
into account standby losses and other factors which affect continuous 
working results, Тһе only true basis is, of course, the cost which 
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would be incurred if the generating plant were run from coal alone 
under similar conditions as regards demand and output. To make 
the comparison accurate, any saving in capital cost to the clectrical 
undertaking should be taken into account, and while it is rare to find 
any credit allowed to the destructor on account of saving in labour, 
there is no doubt that in most cases a saving does result to both 
departments due to combined supervision. 

To take the saving in capital cost first, both departments will 
benefit from the obvious fact that the cost of a site for a combined: 
undertaking is less than two separate sites. In buildings there is 
also an appreciable saving, and as one chimney will serve both 
undertakings, the cost will be halved to each. Тһе saving in boilers 
is not so important as it appears, as it is necessary to provide a 
sufficient capacity of coal-fired boilers to guard against an interruption 
to the working of the destructor plant in winter when snowfalls may 
interfere with the delivery of refuse, but the saving in maintenance and 
repairs should be considered. Іп feed pipes and piping there is а 
distinct gain through combination. In all these items the capital cost 
should be fairly apportioned between the departments, and any saving 
to the electricity department taken into account when adjusting the 
actual value of destructor steam. 

In the combined installation at Greenock the difficulty of arriving 
at the steam value of the refuse was rendered easier through the 
generating station having been run exclusively by coal-fired boilers 
for three months before the destructor commenced working, and 
it was therefore possible to ascertain exactly the consumption of 
coal per unit generated and the efficiency of the boilers aud 
generating plant. Separate water meters had been installed (о 
register the evaporation in cach set of boilers, and it was intended 
to apportion credit on this basis, but this method did not take into 
account the standby losses incurred through the irregular working 
of the destructor, and it was also found, on starting the destructor 
plant, that increased radiation losses from the steam pipes due to 
the position of the destructor boilers brought up the consumption of 
steam per unit generated from 24 lbs. to 26} lbs. It was considered 
only fair that the destructor should be debited with thesc losses, and it 
was therefore decided to apportion the units generated on the basis 
of the actual consumption of coal before the destructor commenced 
working, and the results given later may thercfore be taken as the 
true value of the steam to the electricity undertaking under present 
conditions. The allocation is based on a consumption of 44 Ibs. of 
coal per unit generated, and the weekly coal consumption divided by 
this figure gives the number of units to be apportioned to coal-firing, 
the remainder being credited to the destructor. The average price 
of coal has been taken at Ios. per ton, and after including an allowance 
for capital charges on boilers and pumps, the figure of 0'35d. per unit 
was arrived at as a fair payment to make to the cleansing department 
for steam. | 
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gathering information for this purpose he found that so much differ- 


nd in the methods of arriving 
that a comparison might be 
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ence exists in working conditions a 
at the value of destructor steam, 
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misleading unless all the circumstances of each case were known. 
He therefore proposes to confine this section of the paper to the 
results obtained from the plant under his charge, where special 
care has been taken during the past year to obtain accurate 
records. 

Fig. 4 is a plan of the combined electricity and destructor works 
at Greenock. It will be seen that the buildings have been arranged 
in four bays, the destructor plant occupying the west bay, the east bay, 
which is the largest, forming the engine-room, while the two centre 
sections contain the destructor boilers and coal-fired boilers. Clinker 
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treatment machinery has been installed in a separate building to the 
west of the main building. 

The destructor consists of six cells and spacious combustion 
chambers, arranged in pairs, each pair forming, in conjunction with 
a water-tube marine-type boiler, a complete and independent unit. 
Fig. 5 is a section through furnace and boiler. The furnace grates, 
which slope from back to front, have each an area of 25 sq. ft., and 
are sufficient to burn one cartload of refuse at a charge. The high- 
pressure air blast is obtained from electrically driven variable-speed 
fans, one to each furnace, The fan motors are totally enclosed and 
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are controlled from a position near the clinkering door of the furnaces, 
an automatic device being provided which stops a fan when the cor- 
responding furnace door is opened for clinkering. The clinker, when 
withdrawn from the furnace, is conveyed by an overhead railway to 
the crushing mill, where it is broken up and screened. Auxiliary steam 
jets have also been provided, but are only used in the event of a break- 
down in the fan system. A special dust catcher has been built into the 
main flue between the combustion chamber and boiler. The boilers 
are fitted with auxiliary grates for coal firing. In case of a breakdown 
to a boiler the whole of the furnace gases can be bye-passed from the 
combustion chamber direct to the chimney. А bye-pass has also heen 
fitted to the economiser between the main flue and the chimney. The 
chimney is 150 ft. in height, 1o ft. internal diameter at the base, and 
is firebrick lined throughout. 

А то-іп. main carries steam from the destructor boilers to the 
main range near the wall of the engine-room, and the feed piping 
is designed to allow the destructor boilers to be supplied through 
their own economiser or from the hot feed-water main of the coal- 
fired boilers. A Kennedy hot-water meter is provided to each feed- 
water main, and automatic CO, recorders and draught gauges are fitted 
on each main flue. 

In addition to the destructor plant the installation at the new 
Greenock works comprises :— 

Two double drum coal-fired boilers, cach capable of evaporating 
16,000 Ibs. of water per hour. These are fitted with close link chain 
grates and mechanical stokers. Тһе generating plant consists of 
two 750-k.w. and two 4oo-k.w. direct-current Belliss-Westinghouse 
sets, one of these being arranged as a two-machine balancer and 
the others as single machines at 500 volts. The large sets on test with 
steam superheated to 500° Fahr., and a vacuum of 26 in. at the con- 
denser consumed 17'8 158. of steam per kilowatt-hour, and the smaller 
sets 185 under the same conditions. Two surface condensers аге 
employed, the cooling water being obtained by gravitation from a 
reservoir built on the course of an aqueduct which originally ran 
through the site, the water being then employed to operate a mill. 
Under normal working conditions the average consumption of steam 
is 264 lbs. per kilowatt-hour, this figure including all losses. АП 
auxiliaries are electrically driven. The coal used has a calorific valuc 
of 11,600 B.Th.U., and the consumption, as already stated, averages 
44 lbs. рег kilowatt-hour. The units used on works for feed pumps, 
mechanical stokers, air pump and есопопизег (not including units 
used on destructor) amount to го per cent. of the generated units. 
The chart Fig. 6, shows the total output of the works during twelve 
months ending January 31, 1909, the shaded portion representing the 
proportion generated by destructor steam, and the lowest line the 
amount of energy used by the destructor for power and light. 
The latter amounts to r2 per cent. of the destructor generated units 
divided as follows ;— 
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Fic. 6.—Greenock Destructor. 
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Fan draught ee 42% сз ... 8-5 per cent. 
Cranes wee a jus num as О Е 
Clinker treatment ie: pes we T4 » 
Lighting ... 552 yes ср see 55. " 


The amount used for fan draught is unusually high, and is brought 
about by the abnormal pressure employed, but it is fully expected 
that this figure will be reduced by at least 10 per cent. in 
future. 

The price to be charged to the destructor for energy supplied is 
a further point of contention, but the proper way is undoubtedly to 
treat the destructor in exactly the same way as another consumer with 
a similar load factor, due allowance being made for the absence of 
distribution costs. On this basis the price arrived at was оба. per 
unit, the load factor being estimated at 35 per cent. 

It has been mentioned already that tests over a short period of time 
are of little use to determine the true value of destructor steam. Asan 
indication of the capacity of the destructor such tests are, however, of 
some importance. Тһе following is one of the three tests made on the 
Greenock destructor, and it is interesting to note the difference between 
these results and the average results as shown by the year's returns. 
It will, no doubt, be pointed out that higher results than 96 units per 
ton have been obtained from tests on hand-fired destructors, but it 
‚ should be borne in mind that the system introduced at Greenock was 
adopted primarily on sanitary grounds, steam raising being regarded 
only as a secondary object. On the other hand, the average result of 
67 units per ton over a whole year’s working is higher than any 
authenticated figure which has come under the author's notice up to 
the present, and as it includes all standby losses on the station, may be 
considered extremely good. It is only fair to the makers to state that 
the installation was in some respects a new experiment, and that the 
results during the first part of the year were adversely affected by 
want of experience on the part of the workmen employed. It should 
further be explained that the repairs bill is chiefly made up of altera- 
tions and experiments carried out to improve the working of the plant 
after it had been taken over by the Corporation. 

The cost of carting away unsaleable residue is at present a large 
item in the revenue account, and the labour charges for crushing and 
screening Clinker as compared with the return from clinker sold are 
abnormally high, owing to the difficulty of finding a market for these 
materials in the present depressed state of the building trade. 


Test REPORT. 


Date of test ... ix 453 ... October 20, 1908. 
Duration of test к nis ... 8 hours. 
Number and type of cells ... ... 4 Cells, “tub-feed.” 


Total grate surface ... sue ... 80sq. ft. 
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System of forced draught ... .. High-pressure fans. 

Ashpit pressure — ... “© ... 4-6 in. 

Nature of refuse ... s .. Household and trade refuse. 

Men employed T" кө» ... 2stokers, г craneman, г lead- 
іпр һапа. 


Number, size, and type of boilers... 2 Babcock and Wilcox, 
* 2,070 sq. ft. H.S. 

Economiser, No. of tubes (Green's) 240 tubes in 2 sections. 
Total quantity of refuse burnéd ... 32 tons, 5 cwts. 

Ditto per cell per 24 hours ... 2472 tons. 

Ditto per square foot of d per 

hour 

Total water Gvaporated 


ег} 103 165. 
Total water per square foot of heat- “| 


8,050 gallons == 86,500 165. 


ing surface per hour eS 
Total water per lb. of refuse burnt 
I'II. 
(actual) за 
Total water per Ib. of кейс (com гат. 


апа at 212° F. ог тоо°С 
Mean steam pressuré ses ... 195 lbs., superheated to 
564° Е. 
Mean feed temperature  ... ... O9r'5? F. entering economiser. 
Total electrical units generated ... 3,101'5 units. 
Electrical units per ton of refuse ... 97 units per ton. 


CAPITAL EXPENDITURE. 


Capital cost of destructor, including one-half cost of site, 
one-half of chimney, buildings, furnaces, plant, 
economiser, proportion of steam and fced piping. 
Total iis Я е с кыз m ... £19,800 


FINANCIAL RESULTS AT GREENOCK DESTRUCTOR FOR TWELVE MONTHS 
ENDED JANUARY 31, 1909. 


REVENUE ACCOUNT. 


Expenditure. 
Per Ton 

Labour— £ s. d. 

Operating destructor 2% Ж bus 936 I 1$ 

Treatment of residue bs € T 134 902 
Repairs— 

(a) Buildings... iai КЕР екі it He o 21 

(b) Plant ке " - vide m 120 
Disposal of unsaleable residue — oe 135 о 2 
Power and light ... T bbs T у 330 о 44 
Rates, taxes, insurance ... se € seg 83 о 1% 
Management АТ T — бн 255 65 о оў 


Total ... ise wile we £5843 2 2 
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Credit, 
Per Ton 
Sale of steam 44% iss - T us 1,665 
Sale of clinker  ... 56% Е m 7 65 
| 1,730 2 о} 
Balance to Net Revenue Account pst oat 113 о 1j 
Total ... T "n ... 1,843 2 2 
NET REVENUE ACCOUNT. 
Interest on £19,800 at 3$ per cent. ... i 696 o 91 
Sinking fund, 45th of capital... ids E 603 o 9i 
Balance from Revenue Account n wad 113 о 14 
Net cost of disposal... 4% E1472 I 8 
Technical Records. 
Tons of refuse destroyed А 16,995 


Units produced from destructor steam 


. 1,142,064 


Units used for power and light * 132,006 
Units generated per ton 67:2 
Total clinker produced... 5.338 
Total clinker sold 1,286 


The author 15 aware that there are phases of the question which 
have not been dealt with in the paper, but trusts that the arguments 
. and figures submitted may elicit information from other engineers оп 
this important subject. The conclusions arrived at may be summarised 


as follows :— 


(а) That, given a suitable design of plant, ordinary town's refuse 


may be destroyed at a coinbined works without giving rise to 
nuisance troubles, always provided that the sanitary object 
of the destructor is considered of primary importance. 


(b) That where local conditions permit the steam to be utiliscd 


for at least 9 hours per day it will be a distinct financial 
advantage to combine the electricity works with the refuse 
destructor. 


(с) That a combined scheme should only be undertaken aíter 


careful investigation and under expert advice. 


(d) That in the interests of efficiency the combined installation 


should be under the control of the electrical engineer. 


(е) That the financial adjustment between the electricity and 


cleansing departments should be made on the basis of value 
supplied, including saving in capital expenditure and labour 
costs (if any). 


The author has to acknowledge his indebtedness for information 


regarding various types of plant from firms whose names have been 
reterred to in the paper. 
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DISCUSSION AT GLASGOW, APRIL 13, 1909. 


Мг. W. W. ГасктЕ (Chairman): I must confess that I am of opinion 
that a refuse destructor is a dust constructor, and while Mr. Robertson 
has made out a perfectly good case for Greenock, I believe that in a city 
like Glasgow it is impracticable to combine the generating stations 
and refuse destructors. When we consider that there are 7 destructors, 
it would mean 7 sites, 7 stations, and 7 staffs of men, and the extra 
capital of the plants and labour would quite counterbalance the saving 
in fuel. Itis very easy to be wise after the event, but it appears to me 
that the only proper use of destructors in Glasgow would be to supply 


steam and hot water for the public baths, and that would save a great. 


deal of money. .With regard to the method of charging the furnaces, 
it struck me that a chain-grate stoker would be advantageous, and 
would save all the handling that the author has described. I know 
that many stations have reduced their fuel costs in refuse destructors, 
but it scems that expensive condensing plant has been put in, and that 
the increased capital charge far more than outweighs the saving. The 
total horse-power will amount to about 1,800, and with 50,000 Н.Р. 
to be supplied, the real state of affairs in Glasgow will become evident. 
The cleansing department have available зоо Н.Р. for use, 150 of 
which is for working machinery in the destructor. Another way of 
looking at it is that in Greenock Mr. Robertson seems to have 
generated } of his units from destructor'refuse, and 4 from steam, but 
in Glasgow we generate only about 1; from destructor refuse, and 75 
from steam. | 

Mr. F. A. NEWINGTON: Two or three months ago I had the 
pleasure of seeing over Mr. Robertson's combined destructor and 
electricity works at Dellingburn Street, and I.found an absence of dust 
and smell. The arrangements for handling refuse seemed to be very 
complete, and this method of lifting the refuse by means of tubs, and 
tipping them, was an enormous advance over the arrangements in old 
destructors that I had seen. On the whole, the works were quite as 
clean and free from dust as generating stations without any destructors, 
so that the trouble with dust and dirt may evidently be got over. 
I quite agree with what he says about drying the refuse. He refers 
to thermal storage, and it seems that in a destructor where the quantity 
of steam produced is more than the amount of electricity required 
during the day, thermal storage should prove very useful. Тһе 
arrangements at Wood Lane and at Knightsbridge seem to be excel- 
lent, but. the method has not been generally adopted, although it 
appears very suitable. It seems rather a pity that the auxiliary coal 
grate cannot be made a success, because if the troubles could be got 
over it would do away with the necessity of having additional boilers, 
and so would save capital outlay. With reference to the combination 
of electricity works and refuse destructors, I agree with the Chairman 
that for places with a large day load it seems of little value, although for 
towns where the steam produced by the destructor will do the greater 
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part of the day load, it is probably an advantage to combine the two. 
I think in combined stations the value of the steam generally seems to 
be underrated. In Liverpool we see the price paid is only o2d. рег 
unit, as against o'25d., which is the actual cost, but I daresay the low 
price is due to careful management of the furnaces, as explained on 
page 663. On page 656 the author talks of one craneman being employed 
for eighteen hours, but I should like to know wbere he can find such a 
man. In the financial results on pages 671 and 672, tke net cost of 
disposal is £1,472 for the year, and it would add considerably to the 
value of these figures if the author could also state what the extra cost 
would have been of carting to the original tip for that quantity of 
material. That would give us ап, idea of the comparison between the 
present cost of disposing of the refuse and the old arrangement of 
tipping. 

Mr. SAM Mavor: It is interesting to know that one is responsible 
for the production of about 2 lbs. of combustible refuse per diem. 
and through the destructor, for about one-tenth of a unit, so that this 
society, with about 200 members, is collectively responsible for 
the generation of about ro units. There can be no doubt that 
cremation is the ideal method of getting rid of refuse, but it is сісаг 
that in such a city as Glasgow it is quite impracticable to combine 
it with the generation of electric power, although in small towns like 
Greenock, where the radius of carting is within limits, it can, as 
Mr. Robertson has shown, be'very effectively combined with electrical 
production. Another point which has struck me from a social point of 
view, is that the refuse, as regards calorific value, comes from: the 
poorer districts, showing that the poor in this, as in many other things, 


. get less value for the money they spend than those who know better 


how to guide their gear. It also occurs to me that there must be 
some good reason why the chain-grate stoker or other mechanical 
apparatus is not used. It seems incredible that such material has 
to be dealt with by hand firing. That is a process that one would 
think should really be taken out of the region of manual labour. 

Мг. W. T. Evans: I would like to ask a question as to the calorific 
value of this fuel. Is not the value of the fuel largely due to cinders 
and unburned coal, and would you get any steam at all from town 
refuse not containing them? 

Мг. К. Н. WiLLis: I notice that in July Mr. Robertson had 210 
tons of refuse, from which he obtained no units, yet in August he 
had only 230 tons of refuse, and he obtained 50 units. Is it because 
there was no demand for electricity in July, and therefore the hot 
gases were diverted up the flue? Another question that I would like 
to ask is on the subject of forced draught. I notice that throughout 
the paper forced draught is used for the purpose of firing; it seems 
to me that that is a great disadvantage. When the door is opened 
a great аса! of dust is blown out on the firing platform, and surely the 
use of induced draught would overcome the whole of that difficulty. 
Instead of dust being blown into the firing platform, it would be kept 
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inside the chamber, and I would like to know whether this has been 
tried in connection with refuse destructors. 

Mr. |. Н. BOWDEN (communicated): Being connected with an 
undertaking at present in the constructional stage as regards utilisation 
of steam from a dust destructor adjoining the electricity works, I have 
been interested in Mr. Robertson's paper, and there are a few points on 
which I should like some information. The demand for energy at 
Poplar is such as to enable the undertaking to take a continuous 
supply of 10,000 Ibs. of steam per hour over twenty-four hours of each 
working day, with an increased quantity during peak loads, if avail- 
able. These conditions, I take it, from the author's point of view are 


ideal. The difficulty caused by the presence of dust and grit in the. 


engine-room will be avoided, as the destructor boiler house and tlie 
electricity works require a considerable length of steam main ta 
connect up the one with the other. І regret to hear that Mr. Robertson 
has experienced difficulties in burning coal with refuse, and shall be 
glad of further details. This matter, to my mind, is most important, as 
the value of a destructor for steam raising is considerably diminished, 
if reliance cannot be placed upon a regular stipulated quantity being 
supplied, and in order to carry this into effect recourse must at times 
be had to coal firing in case of failure in the quality of refuse. Witt- 
out actual knowledge of the working results at Greenock, the author's 
statements appear to be contradictory. It is difficult to reconcile with 
this the statement that the best quality refuse is that “ richest in carbon 
from the ash-pits in the working-class district." It is evident that partly 
burned coal is referred to, therefore fresh coal should provide better 
results. Is it that the low grade coal or coke dust is inferior to the 
refuse? И so, would not a higher grade coal give the desired results ? 
I am quite in accord with Mr. Robertson as to the value of the air 
heater, and Messrs. Horsfall have arranged to instal a separate re- 
generator on the Poplar installation, as it is most essential that hot air 
should be available at those times when the temperature is lowest on 
charging the furnaces. I also agree that a great saving can be effected 
by proper methods of stoking, but I should like some indications of the 
manner in which fires should be “managed.” How often should the 
refuse be carefully mixed and stirred whilst burning? Does not this 
method entail a considerable loss by cooling, nullifying, to a great 
extent, the benefit derived ? 

Whilst the strictures on estimating the value of steam derived from 
this source are very sensible, I think the author has, to some extent, 
failed in putting his opinions into practice. It is certainly correct to 
assume that the primary object of a destructor is the destruction of 
town refuse, and the supply of steam must be treated as a by-product, 
which will cheapen the process. If steam сап be raised in this 
manner and supplied to an electricity undertaking at a cost not more 
than would be entailed by the use of coal fuel, and, at the same time, 
be a source of income to the borough or corporation, it is undoubtedly 
the correct policy of the Council to adopt such methods. Тһе author 
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shows us that he has reduced the cost of destroying refuse to 1s. 834. 
per ton, an exceedingly low figure, but he does not inform us of the 
cost prior to the installation of the combined plant. Has he not 
brought this about at the expense of electricity supply? If so, the 
system is wrong in principle, as the electricity consumers are being 
taxed for the benefit of the general rate. The payment made by the 
author is 0'35d. per unit generated, and if we assume an efficiency of 
distribution of 80 per cent., the cost per unit sold is 043754. Surely 
this is too high for Greenock, when in Poplar, with high railway rates, 
the figure per unit sold for coal alone was 0354. during 1908-9, апа, 
with the present low prices for coal, this figure has been reduced to 
o'25d. per units old. Taking the basis adopted by Mr. Robertson—viz., 
43 Ibs. of coal at ros. per ton—we get a result of o'241d. for coal alone. 
How is the remaining o'1rogd. apportioned? This represents а sum of 
$519 on the annual output, and, on Mr. Robertson's own showing, the 
capital value saved is small; labour also cannot be great, and I take it 
that water is charged entirely to the electricity department. 

Again, in determining the coal figure, we find that the electricitv 
plant-generated energy with an average steam consumption of 24 Ibs. 
per unit—an exceptionally good figure—or 544. Њ5. of water evaporated 
рег 10. of coal of 11,600 B.Th.U. value. I shall be glad if Mr. 
Robertson will confirm this figure, as we might reasonably expect 
7 lbs. of water рег Ib. of fuel of this calorific value, especially with the 
latest type of chain-grate stokers, as installed at Greenock in keeping 
with generating plant of exceedingly good efficiency ; 34 Ibs. of coal 
per unit at 10s. per ton is equal to o'188d., and with the addition of 
o'o62d. ог £295 per annum for capital and other charges, a payment 
of o'25d. would, in my opinion, be ample. It is important to carefully 
consider, in fixing the charge for destructor steam, that the basis price 
of coal should be a mean figure. Coal, like most commodities, fluctu- 
ates in price toa considerable extent, and it is not desirable to alter the 
rate of charge for steam. According to market price of coal, ros. рег 
ton, I take it, is considerably above the mean value of coal of 11,600 
B.Th.U., delivered into bunkers at Greenock. Has the author con- 
sidered this phase? I would further point out that, although he refers 
to standby losses, he has not taken these into consideration in fixing 
the charge. In order to give full etfect to destructor steam, the 
electricity department should be prepared to take аП the available 
product. That is to say, the destructor units would be represented on 
the load curve by the bottom of the load, and all fluctuations would be 
borne by the electricity steam plant. The expense, therefore, of banked 
boilers, which is distributed over the whole output of an independent 
station, would be doubled per unit when equal proportions of the output 
are derived from both sources of a combined undertakng. This is a 
loss entirely independent of that referred to by Mr. Robertson due to 
increased radiation losses from steam pipes from destructor boilers. 

I do not altogether agree with Mr. Robertson's conclusions 
regarding the method of charging for the supply of steam. I take 
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it that, if we assume an output of 75,000 units, and а coal consumption 
of 100 tons, the allocation would be, in round figures, 50,000 units to the 
electricity department and 25,000 to the destructor; but, supposing 
Mr. Robertson bought a lower grade coal at 8s. per ton, and raised 
the consumption to 5 lbs. per unit (a distinct gain to the department) 
the destructor would lose the value of 5,000 units by the transaction, and, 
if a higher grade coal were bought, the loss would be on the other side. 
I believe that steam-measuring apparatus can be procured. Will 
Mr. Robertson state if he has experimented in this direction, and if he 
has tried the “ Sarco” steam meter? Surely, if he is buying steam, not 
units, there is some better method to be adopted than the crude 
system he lays down. Would not the measurement of water fed to 
destructor boilers, with due allowance for blowing down at regular 
intervals, be more effective? Certainly the percentage of error would 
be considerably less than by his present system. I аргсе as to the 
method of charging for energy, but I think a lower rate than оба. 
could be reasonably charged, if the destructor shut down all plant not 
necessary for steam raising over the mid-winter peak, and so raise the 
load factor to 50 or бо per cent. 

Мг. Н. N. Leask (communicated): I am glad to find that at least 
one electrical engineer has come forward to support the proposition 
that under certain conditions appreciable benefit can be obtained from 
the combination of electricity works and refuse destructors. I entirely 
agree with Mr. Robertson in his premises, the first and most important 
being that there should be a steady demand for energy at the eletricity 
works : the second, that the refuse should be collected daily, but in 
addition to that I think it should be collected as far as possible from all 
parts of the area daily in order to ensure that the daily quality and 
quantity of refuse should be the same; and the third, that the refuse 
should be capable of quick transfer from the collecting carts to the 
furnaces. The importance of this latter may, however, be exaggerated. 
With refuse collected daily in a climate such as ours, there is no fear of 
such rapid putrefaction as would necessitate the immediate tipping 
of refuse into the furnace. I also agree with Mr. Robertson on the 
general proposition that the refuse should be burned over the greater 
portion of the twenty-four hours. This ensures greater efficiency of 
the furnaces, lower capital outlay, and reduction in standing charges. 

Had each plan for combining a refuse destructor and electricity 
works been carefully considered оп its merits, with due regard to local 
conditions, such as price of fuel, quality of refuse, and especially the 
nature of the demand in the power station, there would have been 
fewer disappointments, but within recent times this reproach has been 
removed ; at least one firm keep a highly trained staff whose duty it is 
to consider the proposition on these lines, and to go even further and 
ascertain the quality of the refuse which has to be dealt with. Sucha 
proceeding has been of great value to those purchasing installations 
from the firm, for inevery case the undertaking has produced a saving in 
cost superior to anything heretofore achieved, and the authorities have 
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been greatly pleased because the guarantees were not alone achieved 
but exceeded. It has enabled that firm to guarantee the evaporation 
with great accuracy, and I feel sure that Mr. Robertson would be very 
pleased to have an average of over 1 lb. of water throughout the year 
instead of the 1 lb., which he appears to have obtained, and in the 
winter-time, when this load is greater, considerably over2 lbs. It might 
be said that such a result could only be obtained with refuse of excep- 
tional quality, but this is not so. Refuse obtained from the centre of a 
colliery district and that obtained in the centre of an agricultural 
district with a very mild climate have both given astonishing results— 
viz., іп the colliery district, 2} lbs. in winter and 14 lb. in summer, 
and in the agricultural district, 2 lbs. іп winter and 1$ 1b. in summer. 
This result is due to the arrangement of the plant and adjuncts, and 
also in a great measure to the method of feeding the furnaces. I am 
glad that Mr. Robertson recognises the great disadvantages of the tub 
feed system. It prevents any selection or proportioning of the charges, 
and the depositing of a cartload of refuse into the furnace necessitates 
a reduction in the temperature and consequent variation in the steam 
pressure. Most combustion engineers know that nearly every kind of 
coal needs to be charged differently, at a different rate at different 
parts of the furnaces, in different thicknesses, and so forth. It is 
evident that this is more necessary when dealing with heterogeneous 
fuel, such as town refuse. It would appear that whilst the reduction in 
temperature due to the increase of cold air is largely eliminated bv this 
method (tub feed), there is a corresponding reduction due to the cooling 
effect of the charging of a large mass of refuse at a time. Even such a 
good fuel as coal would not stand this handling, aud the proof of the 
pudding appears to be in the eating, for were it not for the extra- 
ordinary economy of the Greenock station the units of electricity 
recovered would have been insignificant. 

I take issue with Mr. Robertson on the question of the saving in 
labour on a plant of оо tons capacity, and think it doubtful whether 
it can be done by one crane man in 18 hours. On the question of 
the reduction in temperature during charging, I would point out that 
glass furnaces are worked continuously with their doors open, and 
consider it quite feasible to erect a refuse destructor in the same 
manner. Му firm have carried out one installation, and hope to 
carry out many more, in which it will be a matter of comparative 
indifference whether the doors are open or closed. With regard to the 
claim of clcanliness, there can be no doubt that the system looks very 
attractive, but with the daily collection the refuse which is handled 
by the housemaid in the morning in the housc could surely be handled 
by a skilled labourer in the afternoon of the same day without fear that 
the man would be contaminated. It is surely not right for the sake of 
the appearance of a destructor installation employing some dozen men, 
to expose the whole town to the dissemination of a lot of unfixed 
volatile matter, which must surely occur, as Mr. Robertson points out 
that there is a great fluctuation of temperature when a cartload of 
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refuse is at one operation charged into a furnace. I know at least one 
firm that would guarantee the Greenock Corporation an average of 
three times the evaporation that they appear to have obtained, and that 
at a reduced charge, taking into account labour, maintenance, and 
capital cost. I am pleased to note that Mr. Robertson recognises the 
disadvantages of the system of air heating adopted at Greenock, but he 
does not go far enough. There is no economy in this method, except 
so far as it may tend to the reduction of the total air entering the 
furnace, heat being taken from the furnace at the most vital point, and 
the effect being practically пи immediately after charging. My firm 
have erected a plant where at the moment of charging and for some 
I5 minutes thereafter the air enters the furnace at a temperature of 
1,000? F., but in these islands it would not be worth the capital outlay 
entailed to obtain such a result, although it might be in cases where a 
ton of refuse is deposited in the furnace at one time. 

I heartily endorse Mr. Robertson's statement that however per- 
fectly a destructor furnace may be designed, good results can only 
be obtained when the installation is properly managed. "There is no 
doubt that a destructor needs to be well managed, and cven sympa- 
thetically handled, if such an expression can be used, and were this 
done on a greater scale many towns might congratulate themselves on 
their foresight in combining the two installations. Surely Mr. Robert- 
son will agree that if the careful expert supervision of the maker 
obtained very superior results it would be worth while for the Cor- 
poration to have expert supervision all the time. If the makers could 
obtain such excellent results there is no reason why the authorities 
should not obtaiu equal, and possibly better results, because short tests 
are usually made with men more or less raw to their work and before 
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the furnaces have thoroughly settled down to their duties. The liberal . 


manner in which Mr. Robertson has dealt with apportioning the value 
of the refuse destructor is very pleasing. As an expert I have had to 
submit to many curious arguments as to why the value of the steam 
from the destructor is much less than the value of steam supplied 
by coal. I am quite aware there must be variations so long as 
there is an irregular supply of steam from the destructor ; but this 
can be mitigated, if not entirely eliminated, and I would suggest the 
use of thermal storage as one means of levelling up the steam pro- 
duction. Mr. Robertson has mentioned the possibility of burning coal. 
This is perfectly feasible when suitable coal is fed at the right time, 
and it is surprising what efficiency can be obtained under these cir- 
cumstances, Tests have been carried out recently by at least one 
eminent clectrical engincer, and will shortly be made public showing 
what can be done in this way. 

With regard to mechanical systems of handling the refuse, it will 
interest members to know that the latest system permits of selection 
of the material both in regard to quality and quantity. Arrangements 
are made by which refuse can be mixed when loads varying in character 
and composition are delivered, and arrangements are further made for 
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the varying of thequantity to be charged into the furnace at one opera- 
tion. This improved system has been adopted both in this country 
and on the Continent. 

Мг. С. WATSON (communicated): Mr. Robertson has given a very 
interesting and strikingly impartial account of what is certainly the 
most important combined destructor and power station hitherto 
erected. Аз the joint patentee of the mechanical-charging system 
adopted at Greenock I am naturally prejudiced in its favour, but 
I am sure that Mr. Robertson has rather under than over-rated the 
advantages of the system, which was adopted by the Corporation 
of Greenock chiefly upon his recommendation. That the recom- 
mendation has been amply justified by experience appears clear from 
the facts and figures given in the paper. The variation of calorific 
value in the refuse at Greenock is exceptional, and its calorific value 
at the best is, I think, below the average. The fact therefore of an 
average net output of 67 units per ton over a whole year's working 
is remarkably good, and Mr. Robertson is quite justified in stating that 
it is the best result hitherto recorded for such a period. À result almost 
equally good has, however, been obtained at Batley, where with a 
“ Horsfall” destructor in conjunction with the electricity works ап 
average evaporation of over 1°25 lbs. of steam per lb. of refuse (this 
being the actual evaporation from water of ordinary temperature to 
steam at 180 lbs. per square inch) has been recorded over a whole 
years working. Тһе equivalent in electrical units cannot be stated, 
as there is no means at Batley of separating the actual units generated 
by the destructor from those generated by the coal-fired boilers. Mr. 
Robertson very properly discounts all results obtained on short trials. 
There has lately been a recrudescence of the practice of publishing 
high results obtained on trials lasting only 6 or 8 hours. On such a 
trial it is possible, by suitably manipulating the quantities of refuse 
in the furnaces at the beginning and end of the trial, and by forcing 
everything to its highest point of efficiency for a very short time, to 
obtain practically any result which may be desired. The absurdity 
of relying upon such figures is self-evident. They can give no guide 
whatever as to the actual results which may be obtained in ordinary 
working. I think it is incorrect to describe the cellular system as а. 
system of “isolated cells." Тһе cells are built in one or more compact 
blocks, and the principle of mutual assistance is developed to its 
highest point by means of the common combustion chamber, there- 
fore the cells are in no sense isolated, although thev are capable of 
being isolated at will by building a firebrick wall across the entrance 
of the combustion chamber. Тһе comparative ease with which cells 
of this type can be clinkered as against those in which the gases from 
adjoining cells are all passing through the cell being operated upon 18 
a great advantage for the cellular system, and one which becomes 
more apparent as the rate of combustion is increased. It should be 
noted that the rate of combustion per square foot regularly obtained 
at Greenock is about three times the normal figure on old-fashioned 
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plants, and about double what has been done in modern high-pressure 
plants of hand-fired types. It would seem desirable for Mr. Robertson 
to give a further analysis of his labour costs, which appear high when 
compared with some published figures for hand-fired plants. They аге 
only so in appearance, because Mr. Robertson has included the cost of 
cranemen, foremen, and weighmen, whereas in most published figures 
the labour cost is reckoned only for stokers. It is interesting to know 
that one craneman does all the work of lifting, storing, and charging 
the whole of the refuse in one shift, and two stokers in each shift 
do the whole of the work of tending the fires, clinkering, and removal 
of clinker. If the quantity of refuse admitted working the plant up to 
its full capacity all the time, the enormous saving over any system of 
hand-charging would be still more apparent. 

The use of chain grates referred to in the discussion is precluded 
by the nature of the refuse, which is much too poor a fuel to be satis- 
factorily worked by mechanical grates. This was thoroughly proved 
at Manchester and Huddersfield years ago. With regard to the utilisa- 
tion of the heat of the clinker withdrawn from the furnace for heating 
the air, this is a scheme which has been put forward from several 
quarters for a good many years past, it having been, I believe, first put 
into practice by Messrs. Manlove, Alliott & Co. Тһе special method 
adopted at Richmond, N.Y., is only possible in a “three-decker” plant, 
where the level permits a clinker floor to be placed below the firing 
floor, which is very rarely possible. The amount of heat to Бе obtained 
from the clinker in this way depends, of course, on how thoroughly 
it is burned before being withdrawn from the furnaces. If combustion 
is going on in the lower storey, of course more heat will be evo!ved 
than if the clinker is practically dead when drawn out. Itis an uafor- 
tunate fact to which Mr. Robertson himself alludes that when steam- 
raising is the first consideration there is a temptation to withdraw the 
clinker before combustion is complete. It is worthy of remark that 
the destructor is credited with energy at 0'35d. per unit, which is the 
bare cost of coal saved, whereas the energy brought back from the elec- 
tricity department is charged at o'6d., or nearly double. I make no 
complaint of this whatever. I only draw attention to it, as this method 
of reckoning compares very favourably with figures which have been 
adopted elsewhere. The more Mr. Robertson's figures are studied the 
more it is apparent that they mark a new departure in the practice 
of the electrical engineer, and it is clear that the favourable results 
obtained, not only at Greenock, but at Liverpool and elsewhere, fully 
justify combined installations. 

Mr. ASHTON BREMNER (communicated): There are some points іп 
the paper on which I should like to make a few remarks : (1) Capital 
cost, (2) sanitary considerations, (3) labour costs, (4) repairs, and 
(5) revenue. I should also like to submit a comparison of the results 
at the Greenock destructor plant with those at one recently erected at 
Burslem by Messrs. Heenan and Froude, of Manchester. 
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Mr. The following are tabulated figures relating to both undertakings :— 
Bremner. 
| Greenock. | Burslem. | 
Capital cost of destructor, 
including one-half cost 
of site, one-half of chim- £19,800 {4,525 


ney, buildings, furnaces, 


plant, etc. 
M Four cells, tub 


Total refuse burnt ш 


Three cells, front | 


Number and "E of cells l feed feed | 
Capacity of plant рег 24 | | 
ош. “чш a 14632 tons | 39°26 tons 
Tons of refuse destroy ed 
per annum .. 16,995 | 7999 
Capital cost per ton burnt | | 
per 24 hours T€ {133 4.112'5 | 
| 
TEST. | 
Duration of test 8 hours 71 hours | 
Total grate area 80 sq. ft. 75 sq. ft. | 
Туре of boiler F 2 water-tube I water-tube 
Total heati f f ' 
ed ing surface o 4,140 sq. ft. 1,966 sq. ft. 
А Household and Household and 
Nature of refuse trade refuse trade refuse 
Есопопизег.. Green's, 240 tubes None 


test 32:25 tons 11:8625 tons | 
Capacity of plant per 2 | 

а Р сер ~ 98:88 tons | 39726 tons | 
Total water evaporated | | 

during test 99/500 ts: | 40:990 Ibs; | 
Ехарогайоп рег : . 

refuse burnt (actual) off 1i lbs, ол 
Equivalent per Ib. ui refuse қ 5 

from and at 212? Е | 1'4 t108; | 210 Ibs; 

195 lbs. super- | 189:5 lbs., no 

Mean steam pressure d heated to 564? F. superheat 
Temperature of feed water 901759 F 45° Е. 
Maximum temperature of о 

combustion chamber .. «d ЕЕ 2100Ж. 
Minimum ditto  ... -- 1,790? Е. 
Average ditto m S == 2,032? К. | 
Percentage of clinker... — 265 


Upon sanitary grounds, admitting for the moment that mechanical 
handling tends to greater cleanliness, which is questionable in view of 
the necessity of keeping all the boxes and spaces round them clean, it 
scems more sentimental than practical to object to the furnace men 
shovelling refuse into furnaces, when the same refuse has been collected 
only a short time previously by the ash men in the open street. The 
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excessive capital cost cannot therefore be justified under this heading. 
Besides, it is generally agreed that the highest sanitation is that which 
benefits the greatest number, and this is more likely to be obtained by 
the uniformly high temperatures, and therefore more perfect combus- 
tion of the gases which is obtained with hand-fired destructors. The 
author admits the serious disadvantages of his method of charging, 
and, to my mind, the true sanitary efficiency of the plant is thereby 
impaired, half-cooked gases being necessarily emitted to the sur- 
rounding neighbourhood by the Greenock system. The temperature 
fluctuations on the chart (page 658) corroborate this, and it is not by апу 
means certain that the chart records the extreme variations of tem- 
perature, as the readings were only taken at intervals. There is no 
saving under the heading of labour costs, which, during three years’ 
working at Burslem, averaged тоа. per ton. The excessive capital 
costs cannot therefore be justified under this heading. Will the 
author say whether he has ever hand-fired his plant, and, if so, how 
this aftected the thermal efficiency ? 

The repairs during the first year at Greenock were £160, or 21d. 
per ton on 16,995 tons, whilst those at Burslem for last year (the third 
year of working) were £27, or o'83d. per ton оп 7,800 tons, so that the 
repairs bill at Greenock is heavy, and still one wonders if everything is 
included in the amount given, because the contractors usually keep the 
plant in order for at least six months after starting up. Had the makers 
no maintenance responsibility ? Moreover, the Burslem plant is com- 
paratively small, and has no standby unit, therefore higher costs might 
be expected. To enable a proper comparison to be made, it should be 
pointed out that the plant at Burslem consists of three compound non- 
condensing sets of 100-, 200-, and 350-k.w., capacity, therefore the 
steam consumption per unit could not possibly be so good as at 
Greenock, where much larger condensing sets are in use. Іп spite of 
this, and under actual working conditions, we average over 70 units 
per ton of refuse burnt. Тһе price of coal at Burslem is com- 
paratively low, and so the value of the units of electricity generated 
from destructor steam is relatively less than at Greenock, but, were 
my coal costs as high as the author's, so that I could afford to credit the 
destructor with 0'35d. per unit, the revenue from sale of steam would 
be about £800 per annum, and it should be remembered that this is 
with a lower load factor, and steam consumption, due to class of plant, 
almost twice that of the Greenock station. Reviewing these items, I 
am yet to be convinced that it is good engineering to adopt such ап 
expensive plant. I have not had the advantage of examining the in- 
stallation at Greenock, but, being familiar with the type of plant in use, 
I am of opinion that the forming of large openings in the crown of the 
arches must result in serious constructional weaknesses. I consider 
the high-water gauge and the consequent excessive consumption of 
power for forced draught unnecessary. At Burslem we find that a 2-in. 
water gauge is all that is required, with firesmore than 18 in. thick, and 
that, instead of 8°5 per cent. of the units generated being used for blast 
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purposes, as at Greenock, only from 4 to 5 per cent. is required. A 
higher pressure will cause “ volcanoes ” or holes in the fire, with im- 
paired efficiency. We have a single land-type Babcock and Wilcox 
boiler, the gases being led three times through the tubes in the usual 
way, afterwards passing through a tubular regenerator before being: led 
finally to the chimney stack. I have not found any difficulty due to 
the accumulation of dust on the heating surface, as is suggested by the 
author, catch-pits of ample depth being provided under each compart- 
ment of the boiler for the reception of dust. 

I note the author's marine-type boilers have 2,070 sq. ft. heating 
surface each, two being in use with a destructor grate area of 80 sq. ft., 
whereas the Burslem plant has only one land-type boiler of 1,966 sq. ft. 
heating surface, and a grate area of 75 sq. ft. The temperature of tne 
gases leaving the boiler at Burslem being about 450°, I do not think 
the use of an economiser is justified, though at Greenock the fact that 
the gases only once pass through the boiler makes it essential that ап 
economiser be provided in this case, though, to my mind, the proper 
place to use the heat of the gases is in the boiler itself, and not in such 
an expensive and inefficient appendage as ап economiser. The method 
of heating the air at the Greenock destructor is somewhat crude and 
inefficient, as obviously any heat that is imparted to the air must be 
extracted from the furnace itself, and I see that the author himself has 
noticed a further defect with the side-box heating arrangement—viz., 
that just at the time the air is required to be hottest, it is practically 
unheated. On the regenerative system of heating, as at Burslem, a tem- 
perature of 300? F. is attained, and, what is far more important, this 
heat is obtained from the waste gases on their way to the chimney 
stack. 

The author suggests that the disadvantage of hand-firing is due to 
large inrushes of air above the grates when clinkering or charging. On 
the Burslem system such rushes are easily controlled by regulating the 
dampers, and a state of pressure equilibrium maintained between the 
outside and the inside of the furnace chambers. It should be remem- 
bered that, with forced draught, the function of the chimney is only to 
take away the products of combustion, and in substantiation of this I 
would refer to the very slight fluctuations in the temperature of the 
combustion chamber shown on the test quoted. In my opinion there 
is no doubt but that a properly designed combined electric light and 
destructor plant can be made a financial success and a benefit (other 
than sanitary) to the community by making the supply of electricity 
possible for power purposes at a very cheap rate. 


DISCUSSION AT DUBLIN, МАУ 13, 1909. 


Мг. G. Е. PitpitcH: I am not altogether in favour of combined 
schemes, for several reasons. First, there is the dust trouble, and 
іп my experience no precautions will prevent dust from finding its wav 
into the electricity works, and even if not sufficient to interfere with 
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the working of the plant, it will give rise to a nuisance. Then again, M 


in a plant used for steam raising, the refuse is generally burnt at a 
maximum rate when there is a demand for steam, and at a very slow 
rate, or perhaps not at all, during the remaining portion of the day, 
consequently, owing to the racking effect on the plant due to the great 
variations in temperature, tbe repairs bill will be very much higher, 
and the life of the plant shorter, than would be the case if it were used 
only for the purpose of destroying refuse, when burning would be 
continued at an even rate for the greater part of the twenty-four hours. 
And lastly, a refuse destructor can hardly be looked upon as a reliable 
steaming plant, owing to the very great variations in both the quality 
and quantity of the fuel. At the same time, I am quite prepared to 
admit that, given favourable conditions, some really good results can 
be obtained from a combined plant. Of course each particular case 
must be considered on its merits. We have been able to get some 
rather good results from our combined plant at Rathmines, because 
we are able to make use of all the generated steam whenever it is 
available, and to do without it at little inconvenience if, through 
shortage of refuse or from any other cause, the supply of steam be 
stopped. As regards the capabilities of this plant, the average of 
several tests taken under ordinary working conditions during the 
summer months shows an actual evaporation of 1:25 lbs. of water 
рег lb. of refuse destroyed. The units generated were 35-40 per ton 
of refuse, but in addition to driving the electrical plant, the destructor 
boiler was, at the time of the tests, also supplying steam for working 
a clinker crusher and the fan for the forced draught. I am quite 
in agreement with the author as regards by-pass flues. Not only is the 
high temperature of the gases bad for the brickwork, but it causes 
the dampers to buckle, and consequently allows the gases to escape. 
Of course it is a great convenience to be able to shut off the boiler for 
cleaning and other purposes without interfering with the burning of 
the refuse, but from a steam-raising point of view it is far better 
to do without by-passes. With regard to the advisability of installing 
a large battery to level up the load on the destructor boilers, I quite 
agree with the author that in many cases it would not pay to do so, but 
here, again, each case must be considered on its merits. At Rathmines, 
for instance, owing to our street lighting load and other favourable 
conditions, it has well paid us to instal a large battery in order 
to utilise the steam trom the destructor boilers. Referring to the 
question of charging the destructor cells, a good mechanical method 
is no doubt the right thing for large plants, but for plants dealing with 
anything under 33 tons а day, 1 think manual labour would work 
out cheaper. With regard to the position of boilers, I agree with 
the author that it is far better to place them beyond the combustion 
chamber than directly over it, as the chances of the gases passing 
away uncremated, or attacking the boiler tubes, are then reduced 
to a minimum. Аз regards forced draught, my experience has been 
that the most satisfactory results are obtained from a fan draught, 
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the air being heated on its way to the ash-pits, and a small jet of 
steam supplied under the firebars to prevent them burning. We 
had considerable trouble at Rathmines when using fan draught 
alone, owing to the bars burning out, but since using {һе combined 
arrangement we have had no further trouble, and the clinker has 
been much improved. I might add that very little steam is required 
for the purpose. 

As to tbe method of arriving at the value of the steam supplied 
by the destructor, at Rathmines, as at Greenock, owing to the 
electricity undertaking having been in operation for some time 
before the destructor, we are able to make a fairly close estimate 
of what the coal consumption would be if all the steam were still 
being obtained from coal-fired boilers, and the difference between 
the value of the coal actually used and the estimated value as above, 
is taken as the value of the steam supplied by the refuse destructor. 
Payments made on this basis appear to satisfy all concerned. I do not 
know of any satisfactory method of arriving at ithe value of steam 
supplied in those cases where the electricity undertaking and the 
refuse destructor have been started up together. 

Mr. S. L. R. PRIcE: With regard to the financial possibilities 
of a refuse destructor, I am of opinion that these undertakings аге 
not sufficiently supported by the municipal authorities owning them. 
A great deal more use might, I think, be made of the clinker for 
making concrete blocks for pathways, etc, which would tend to 
make a success of a destructor scheme, and so assist the municipality. 
Fulham, I understand, does а good deal in this direction with very 
satisfactorv results. With regard to the arrangement of cells, I am 
of opinion that the best type of destructor is that in which the cells 
are isolated from one another, discharging their burning gases into 
a common combustion chamber. This arrangement ensures a more 
even supply of heat to the boiler, and the steaming is consequently 
much steadier. Тһе steadying effect also depends very much upon 
the brickwork of the combustion chamber being sufficiently massive, 
as the storing of heat in the brick walls materially reduces the 
fluctuating effect of charging the cells. А further advantage oí 
arranging the cells in this way is that any cell can quite easilv 
be cut out for repair without having to shut down the destructor. 
The gases seem to have a most detrimental effect upon dampers. 
This is most noticeable in the case of by-pass dampers, which 
necessarily have to work under most trying conditions, being sub- 
jected at times to the full action of the burning gases. We tried 
a water-cooled damper of the swivel type in connection with our 
Horsfall destructor for some time, but the joints were constantly 
giving trouble, and the arrangement eventually had to be abandoned. 
Sliding dampers gave trouble due to buckling and sticking in the 
slot, and in the end we had to resort to bricking up the by-pass 
with a dry wall, so arranged that it could easily be knocked down 
if desired, in a few minutes. As there are two Babcock boilers 
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in connection with our destructor, variations of steaming can be 
obtained by shutting off one or the other, or allowing the gases 
to divide up and flow through both in parallel, by means of dampers 
beyond the boilers, where the gases are spent and harmless. When 
our destructor was first erected it was fitted simply with a steam- 
forced draught; but as I found that this was sometimes taking 
20 per cent. of the steam generated at periods when we wanted 
the steam for electric generating purposes, I decided to put in a 
fan to work in combination with the steam blast, and this arrangement 
has proved most satisfactory, for at times when the steam is not 
required it can be u$ed exclusively for blast purposes, and when the 
steam is required for electric generating purposes the fan is put on, just 
sufficient steam being used with it to warm and moisten the air, as 
the draught produced by the fan alone tends to the formation of an 
extremely hard clinker. 

With regard to the payment by the electricity department for 
steam obtained, I am of opinion that as the departments are virtually 
worked as one, the destructor effects a considerable saving by the 
combination. Іп our particular case the necessity for а foreman 
is obviated, which effects a saving of at least {тоо per annum. Then 
we pay all rates and taxes, and supply electricity for lighting and 
power free, and pay for any additional plant which was for our own 
benefit, such as ап additional boiler when we decided that we could 
get more steam out of the refuse by its addition, and the fan, which 
was also for the purpose of enabling us to obtain more steam. When 
everything has been taken into account I estimate that we virtually 
save the destructor quite £200 per annum, which amply repays them 
for the steam supplied to us, adopting a similar basis of calculation to 
that set out by Mr. Robertson in his paper. 

Mr. A. T. LAND: The principal object to be obtained in the destruc- 
tion of refuse is to dispose of it in a sanitary manner with as little 
nuisance as possible, and any advantages to be derived from the heat 
evolved must be of secondary importance. In a properly designed 
plant it is quite possible to destroy the refuse in an unobjectionable 
manner, and yet obtain good results from a steam-generation point 
of view. At Rathmines, with a site hemmed in on three sides by 
residential property, there has never been a complaint of nuisance 
of any sort during the four years the plant has been in use, while the 
amount of steam generated by the refuse compares very favourably 
with results obtained.in any other installation. Тһе system employed 
is the back-hand shovel feed. My experience in a South of England 
town with the top-feed system, in which the refuse was dumped on 
the top of the furnaces, was that this system did not allow proper 
sanitary conditions, although, as regards stcam raising, the results were 
remarkably good. This plant happened to be placed іп a rather 
isolated position, otherwise a nuisance to outsiders would certainly 
have arisen. 

I do not agree with the author that the calorific value of refuse 


Mr. Price 


Mr. Land. 


Mr. Land. 


Mr. 
Tomlinson. 


688 ROBERTSON: ELECTRICITY WORKS [May 13th, 


in coal-mining districts is higher than in places where coal is dear. 
From cases that have come under ту notice in both districts, I have 
found it quite the reverse. In North-country towns it is not usual 
for the refuse to contain unriddled ashes, or stuff that could be burnt 
with advantage in ordinary kitchen grates; but in the South, and 
particularly in Ireland, the inhabitants do not appear to be so careful, 
and the amount of useful fuel thrown into the dustbins is remarkable. 
I think the danger from dust finding its way into the engine-room is 
more apparent than real. It is difficult, in fact, almost impossible, to 
prevent it gctting in, but I have never come across an instance where 
actual damage could be traced to its presence. With an engine-room 
30 yards away from a clinker-yard, I have found the dust to be a 
пшзапсе but not dangerous. The tub-feed system in use at Greenock 
appears to possess the decided advantage of simplicity in handling the 
refuse, but from the temperature chart shown it does not appear to me 
that a more even temperature is attained than with hand-firing. I 
presume that the doors would have to be opened to “ manage" the 
fires, and а skipload of haphazard stuff dropped en masse into the 
furnace would not give such good results as when hand-fed, in which 
case a certain amount of mixing good and bad is possible. Cases of 
fires with good combustion on the top, and cold on the bars would be 
liable to occur frequently with the tub-feed system, whereas with hand- 
firing they rarely occur. 

The system installed by Messrs. Heenan and Froude at Richmond, 
U.S.A., with heating of the incoming air by hot clinkers, appear to 
me to introduce complications and disadvantages which would out- 
weigh any benefit to be derived. Тһе parallel arches in the same 
firm's destructors do, I think, ensure a thorough mixing of the gases 
and good combustion. А test of flue gases taken at Rathmines over a 
period of 8 hours gave an average of CO, 179 per cent., О 577, and 
CO nil. I am not surprised to learn that the mixing of coal with refuse 
was nota success. The presence of unconsumed carbon in almost all 
refuse clinker had already led me to believe that full value would not 
be obtained from coal mixed with refuse. The destructor and 
electricity works should be treated financially as entirely ditterent con- 
cerns, and advantages derived by one department from the other 
should be paid for and treated on business lines. 

Mr. T. TOMLINSON : Ten years ago, when this subject attracted public 
notice, very great claims were being made for the possibilities of refuse 
destruction in connection with electric lighting, and I was engaged 
by the Electrical Review to examine these claims, which I did in a 
series of articles, afterwards reprinted іп Mr. Jones's work “ Refuse 
Destructors." The general conclusion arrived at was that these claims 
wcre absurd, and that the sound policy was to develop the destructor 
as a destructor and not as a boiler furnace, and that, under this in- 
dispensable condition of development, the steam-raising power of 
destructors was of quite negligible value in electric lighting unless 
under very exceptional circumstances. I think this criticism has been 
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fully justified by practice and results during the interveni 
years. 

Mr. Hoscoop: Mr. Robertson is right in emphasising the impor- Mr. 
tance of keeping the sanitary aspect of the destructor in the first place. асы 
There is much room for improvement in the usual methods of collect- 
ing the refuse. The average householder's refuse bucket is by no 
means a sanitary article, and will often be found coated with a quarter 
of an inch of sludge, composed of fine ash and moisture, which the 
perfunctory tap against the dustman's cart fails to dislodge. Тһе act 
of emptying the bucket into the cart is accompanied by a cloud of 
dust. Carts, although they may be of a covered pattern, have usually 
one or more of the doors left open while the cart is passing from 
house to house till its load is completed. In this dust-scattering, 
open condition it will meet the milk-cart, the bread-van, and other 
subjects for contamination. Articles of a useful nature—soiled 
magazines, bottles, and jars—run great risk of being pilfered on the 
journey to the destructor, thereby spreading dust and infection. Most 
of these dangers could be obviated if the householder were provided 
with a paper sack, roughly waterproofed, and capable of holding a few 
days supply. It could be tied, and carted unopened to the destructor, 
and would be thrown bodily on to the furnaces, thus simplifying the 
stoking. It would probably be a little more expensive than the bucket 
svstem, but certainly more sanitary. 

Тһе destructor roof has always seemed to me to be most insanitary, 
the tie-rods and girders forming splendid pockets for accumulating 
dust, which becomes impregnated with the emanations from the refuse 
lying below. Owing to its inaccessibility, this dust is necessarily left 
undisturbed for long periods, but in windy weather may be sprinkled 
down upon men and things below. Why should not the roof be 
ceiled and the corners rounded off as in hospitals, etc. ? The refuse 
stokers have to work under trying conditions, and a reasonable amount 
of attention should be given to their comfort. In early days at Pern- 
broke the men were occasionally laid up by chills caused by cold 
winds blowing in upon their backs from the open end of the building, 
while they were facing the hot furnaces. A pair of sliding doors 
which can be closed when weather conditions are adverse has proved 
an effective remedy. 

Mr. ROBERTSON (in reply): I did not expect much support for my Мг. 
views from central station engineers, and Mr. Lackie has, I suppose, P?*ertson. 
voiced the general opinion regarding combined stations. If the 
question is considered exclusively from the central station point of 
view, I can understand the engineer's desire to keep the destructor 
as far away as possible ; but there is a wider interest to be considered, 
and I am convinced that from the ratepayer's point of view there 
is a very strong case for the combination, even in Glasgow. As 
to the waste that would be incurred through erecting six or seven 
small stations at suitable collection centres, I cannot see why the 
position of Glasgow should be any worse than that of Liverpool, 
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In that city there are now, I believe, six destructors situated at 
points round the city, which are equally suitable and convenient 
as tramway feeding-points and collecting centres. The generating 
conditions are certainly inefficient, as the engines run non-condensing, 
but notwithstanding the fact that со lbs. of destructor steam аге 
consumed for each kilowatt-hour generated, no less than one-third 
of the total output of the Liverpool undertaking in 1907 was 
obtained from these small stations. Under the same generating con- 
ditions as obtain in Greenock or Glasgow, 18 million units might have 
been generated, or two-thirds of the total output. It has also been 
said that while combined stations may be suitable for small towns, they 
аге impracticable in cities like Glasgow, and that although Greenock 
generates one-third of its total output from refuse steam, Glasgow could 
not bave obtained more than one-tenth. Now I find that the Glasgow 
undertaking last year generated 32 million units, while Greenock 
generated 3} million units. On the basis of population, this works 
out respectively at 43 units and 45 units per capita. Assuming 
the amount of refuse to be proportional to population, there is 
therefore no reason why Glasgow should not generate from de- 
structor steam at least one-third of its present output or even improve 
on the Liverpool results, which have been partly obtained from an old 
type of destructor with inefficient generating plant. 

‚ Every one admits it is essential, for sanitary reasons, to destroy the 
refuse by fire, especially in those towns which are so situated that 
suitable tipping places are not available, and it surely follows that 
any steam which is available from its destruction should be usefully 
employed. There may be cases where baths and wash-houses сап 
utilise all the steam available; but these are the exception, and it is 
nothing less than criminal, I think, for electrical engineers to condemn 
the combination simply because tbe destructor is an unpleasant 
neighbour to have alongside a central station. 

' Regarding the use of chain-grate furnaces I believe that attempts 
have been made to burn refuse in this way, but the great variation in 
the nature of the material dealt with is the chief objection. A further 
difficulty is the closing in of the ash-pit to enable forced draught to be 
employed. 

Mr. Newington inquired as to the cost of tipping, prior to the 
destructor being installed. The cost of disposal at a tip about 23 
miles from the centre of the town was 15. 344. per ton, апа 
the net cost of disposal now, including all charges, is 15. 844. per 
ton, a difference of 544. per ton. Against this it is found that a con- 
siderable saving is effected through the centralisation of the cartage 
system, and that the Cleansing Department is now able to exercise a 
more efficient control over cartage operations. 

Mr. Evans is sceptical about the calorific value of refuse, and appears 
to think that it consists only of old cans and rotten vegetables. This is 
by no means the case, and tests have shown that ordinary town's refuse 
has an average value of one-seventh to one-sixth the value of coal 
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The diagram in the paper referred to by Mr. Willis falls to zero in 
July because of the annual holiday, which lasts for a week, when this 
station is entirely shut down and no steam used. Over the whole 
month of July it will be seen that the results show 26 units per ton. 

I agree with Mr. Willis that there might be some benefit by using 
induced draught, and while hot air under pressure would still be neces- 
sary for combustion, it might be possible to regulate the draught at the 
chimney base by the employment of variable speed fans. 

Communicated : І congratulate Mr. Bowden on the conditions which 
permit him to utilise a continuous supply of steam at the rate of 
10,000 lbs. per hour for 24 hours per day. His results, when these 
come to hand, should be encouraging to the advocates of combined 
installations. Му statement as to ashpit refuse giving the best results 
he thinks inconsistent with the fact that fresh coal when mixed with 
refuse does not burn satisfactorily. The true explanation is, I think, 
that a destructor is designed for the burning of materials which con- 
tain on the average not more than one-fifth of the amount of carbon 
present in coal, and that the rate of burning—assuming the correct 
proportion of air to give efficient combustion in each case—must there- 
. fore be vastly different. If all refuse consisted of 'half-burned coal 
from ashpits in working-class districts the difficulty would certainly be 
less, but in that case destructor design would be modified to suit the 
conditions, The “managing” of the fires consists in regulating the 
air pressure for each charge to give the best results, and the stirring 
and mixing of the refuse to ensure uniform combustion. Small oval 
doors, 6 in. by 4 in., are provided for this purpose in the large clinkering 
door to reduce the cooling effect. 

I am glad that Mr. Bowden considers our figure of 1s. 834. per ton 
to bean exceedingly low one, but I disagree entirely with his deduc- 
tion that this has been brought about at the expense of the electricity 
consumers. The figure of 0354. per unit takes into account the whole 
of the circumstances, including the saving in capital cost of site and 
buildings. Тһе destructor has been debited with the capital cost of 
feed pumps as well as the steam and feed piping required to deliver 
steam to the main steam range ; the water evaporated in the destructor 
boilers is charged to destructor account, also a fair proportion of the 
wages and salaries expended in combined supervision. Under these 
circumstances the figure of о354.-рег unit is not, I consider, too high. 
Mr. Bowden falls into an error in assuming the distribution efficiency 
at Greenock to be only 8o рег cent., as at Poplar. The actual figure is 
93 per cent., and the fuel costs for last year amount to о'3од. per unit 
sold. Ido not agree that the price paid for steam should be fixed 
irrespective of fluctuations in the price of coal. Here,I think, Mr. 
Bowden is inconsistent, as he also states that the price paid should be 
“ not more than would be entailed by the use of coal" Surely the only 
fair method is to base the price paid for steam on the average rate paid 
for coal throughout the year. 

Mr. Bowden has evidently overlooked the reason given in the paper 
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for adopting a coal consumption basis to arrive at the value of de- 
structor steam when he states I have not taken all standby losses into 
account. My position is that under this system the whole of the 
standby losses arising from the combination are debited against the 
destructor. This 1s emphatically the only correct method. But in 
face of his assertion that the destructor should carry all standby losses, 
Mr. Bowden ts surely not serious in proposing that steam should be 
paid for on the basis of feed-waler registration. Under this method 
the whole of the boiler-house losses—including condensation in steam 
pipes, blowing down of boilers, leaky steam traps and joints, to say 
nothing of steam blown off at safety valves at meal hours and at other 
times when it cannot be utilised—will be entirely borne by the elec- 
tricity department. I can quite understand that on this basis of charging 
—which is still more objectionable when the two undertakings are under 
separate management—the amount paid for steam must make allow- 
ance for many different factors, and the price per unit under similar 
conditions should certainly be less than the figure paid at Greenock. 

I have had noexperience of a meter for registering the consumption 
of live steam, but I agree that such an instrument would be of much 
service. As all the current-using plant is required for working the 
destructor—except the clinker-crushing mill—the suggestion to сһагре 
a lower rate for a non-peak load is hardly practicable. Тһе rate 
charged for energy supplied to the destructor is the rate which would 
be charged to any other consumer with a similar load factor. 

Mr. Leask agrees with the general principles laid down in my paper, 
but takes exception to my criticism of hand firing. Не emphasises my 
recognition of the disadvantages of the tub-feed system, and attributes 
the good results at Greenock exclusively to the economy of the gene- 
rating plant. I have tried to steer clear of the controversy between 
the makers of hand-fired and mechanically-fed destructors, but as Mr. 
Leask has raised this issue, I have no hesitation in stating that there 
appears to be very little difference in steam-raising results between the 
two systems, while the sanitary advantages of the tub-feed svstem are 
so pronounced as to outweigh its admitted defects. Тһе Greenock 
Committee visited many hand-fired installations before coming to a 
decision, and were unanimous in their finding that even if the stcam- 
raising superiority of hand-fired installations was admitted, the objec- 
tions to storing and handling such materials would prohibit the 
erection of this type of destructor on the site which had been 
provisionally selected near the centre of the town. 

I must emphatically repudiate Mr. Leask's suggestion that the 
operation of a tub-feed system means the dissemination of objection. 
able gases from the destructor chimney. The destructor at Greenock 
has been working for 18 months without the slightest trouble or com- 
plaint of any kind ; while, on the other hand, I know of several hand- 
fired plants which have given trouble from this cause. This is specially 
noticeable in “common grate” furnaces after the grate next to the 
combustion chamber has been charged. It will be admitted by all 
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destructor engineers that thoroughness of cremation does not depend 
so much on the method of feeding the cells as on the amount of heat 
which can be stored in the brickwork of the furnaces and combustion 
chamber. Unless this brickwork is capable of storing sufficient heat 
to overcome the reduction of temperature which takes place in the 
newly charged cell, green gases will escape into the chimney with 
either system, and more so in “common grate" hand-fired furnaces, 
as the amount of brickwork in the furnace itself is less than in isolated 
cells. The slower process of hand firing as compared with “tub feed" 
leads to a further cooling down of furnace and combustion chamber. 

In the Greenock installation the combustion chambers are unusually 
large, and while a drop of temperature takes place after charging, 
there is sufficient heat at all times to prevent objectionable gases 
passing into the main flue. As two stokers and one craneman represent 
the whole of the labour employed in the destructor house on each shift, 
there is also a distinct saving in labour, and the work is comparatively 
easy as compared with hand-fed systems. In a similar hand-fired 
installation I have calculated that the work of shovelling 60 to 70 tons 
of refuse per day would call for at least four stokers per shift at a 
higher rate of pay instead of two, against which there would only be 
the saving of the wages of one craneman. 

Mr. Leask and Mr. Newington are right in doubting that one crane- 
man works for 18 hours at a stretch. One craneman is employed оп 
each shift of 9 hours. Mr. Leask speaks of refuse from an agricultural 
district as giving 24 lbs. water evaporation in winter and 1% lbs. in 
summer, and truly describes this as an “astonishing result.” I must 
confess that I am sometimes sceptical as to whether these astonishing 
results obtained from short evaporation tests do not harm destructor 
makers more than the criticism of central station engineers. Consider 
the question for a moment. One lb. of good coal, containing 5 per 
cent. moisture, will evaporate about 7 lbs. of water from and at 
212° F. Average town's refuse contains about 30 рег cent. 
moisture, and at least 15 to 20 per cent. of incombustible material. 
When due allowance is made for these deductions, an evaporation of 
24 155. of water per pound of refuse means that the remainder has a 
calorific value only 1o per cent. less than the value of good coal. 
Engineers who run destructor plants know how much value to attach 
to “tests” of this kind, but unfortunately these figures generally fall 
into the hands of municipal rulers who, while not possessing the expe- 
rience to discriminate, have nevertheless to take the responsibility of 
expending large sums of public money in destructor plants, and much 
of the failure and disappointment of the past can be traced to 
exaggerated ideas based on so-called test figures. 

Mr. Watson points out what I omitted to mention, that the rate of com- 
bustion per square foot of furnace grate at Greenock is extremely high. 
Tbe figure is practically 1 ton per hour per grate of 25 sq.ft. In order 
to compare the result of a test with the normal rate of burning, I 
have taken the figures for the last six months, and find the average 
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rate of burning to be 16:2 cwt. per hour. With regard to labour costs, 
it is only fair to explain that the figure of 15. 144. per ton includes not 
only stokers and cranemen's, but gatemen's, wheelers', and charge- 
men's wages, also a proportion of charge engineers wages from the 
electricity department, the latter being debited against the destructor 
as a return for supervision in the boiler house. Wages in the de- 
structor proper—viz., stokers and cranemen—work out at less than 
7d. per ton. 

Mr. Watson is in error in stating that the figure of o'35d. per unit 
for steam represents the bare cost of coal saved. Тһе cost of coal per 
unit on the basis stated in the paper comes out at оғ244. per unit, the 
remaining отта. per unit representing the saving to the electricity 
department in capital charges and labour costs. 

Mr. Ashton Bremner forwards a communication which has already 
appeared in the technical press, and submits an alleged comparison of 
the results at the Greenock destructor with those obtained from the 
installation at Burslem, provided by another manufacturer. Most of 
the figures are based оп a пизарргећепзоћ, inasmuch as it is assumed 
throughout that the destructor at Greenock consists of only four cells, 
while, as a matter of fact, the installation comprises six cells and three 
boilers, with clinker treatment plant. The Burslem plant appears to 
consist of one hand-fired unit without any standby, and minus an 
economiser. Such an installation is hardly comparable with the 
Greenock installation, even if it were shown—which it is not —how 
much has been paid respectively for site and buildings, and whether 
the Burslem installation has also paid for feed pumps, piping, etc. 
The water evaporation results in the Burslem test are of the kind 
referred to іп my reply to Mr. Leask. i 

The cost for labour at Burslem is also “astonishing,” as it appears 
Mr. Bremner is able to run his destructor and supply steam—pre- 
sumably with regularity—at a total labour cost of {375 per annum. 
He ignores my explanation that the repairs bill during the first year's 
working at Greenock is really a charge for certain additions which 
have been made to the destructor and charged to revenue account, and 
in repeating an old-time fallacy about the structural weakness of top- 
fed cells, implies that the repairs bill has been due to this cause. In 
order to prevent mistakes, I may state that the brickwork of the 
Greenock furnaces during the first 12 months’ operation, has cost 
absolutely nothing for repairs. 

The remainder of Mr. Bremner's criticism is certainly a good 
advertisement for the type of destructor plant manufactured by the 
firm whose name he mentions, but has, I think, been anticipated in the 
paper itself. 

I note that Mr. Pilditch experiences considerable trouble at Rath- 
mines with fan draught owing to the bars burning out, but we have 
had no trouble whatever from this cause at Greenock, although I have 
heard of similar experiences with low-pressure furnaces. I note also 
that at Rathmines, as at Greenock, the value of steam is determined on 
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an actual coal basis, and I agree that it may be difficult to find a satis- 
factory method of charging where the electricity works and the refuse 
destructor are started up together. I agree with Mr. Pilditch that for 
small installations it may be desirable for reasons of economy to:adopt 
hand firing. 

In reply to Mr. Land and others, it should be mentioned that the 
temperature chart shown in the paper is not taken on a test run but on 
an ordinary day's burning in October. Better charts have been 
obtained in midwinter, and I can easily understand that with careful 
hand firing on a fest run a much straighter line might be easily 
obtained. 

I agree with Mr. Hosgood in emphasising the sanitary aspect of the 
destructor. The importance of this point can hardly be overrated, and 
the gain of a few pounds per annum for steam supplied should cer- 
tainly not outweigh the possible dangers to public health through the 
adoption of an insanitary system. 
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THE DESIGN OF SMALL DIRECT-CURRENT 
MACHINES. 


Ву B. E. STOTT and J. HARGROVE, Students. 


(Abstract of Paper read before the STUDENTS’ SECTION in Manchester, 
March 2, 1909.) 


SECTION І.--ГНЕ SELECTION OF MATERIALS AND FACTORS DETER- 
MINING THEIR UTILISATION. 


Yoke.—We have the choice of the following materials for the 
construction of the yoke, each of which has its advantages and 
disadvantages :— 

I. Cast iron. 
2. Cast steel. 
3. Malleable iron. 
4. Wrought iron. 


Whichever we choose, the cost of the yoke comes „out about the 
same, the specific cost of the above materials varying practically as the 
permeability for the densities at which they may be economically used, 
having due regard to the weight of field copper which may be used to 
produce a design satisfactory from the point of view of cost, and also 
the volume of material required varying almost inversely as the 
permeability. 

By employing cast iron we obtain a heavy and somewhat cumber- 
some design of yoke, which makes the machine weighty and large, not 
only by reason of the volume of material necessary, but by the enclos- 
ing of the machine by the yoke and consequently the more conservative 
rating which must be adopted. 

On the other hand, a very strong and mechanical job can be made 
of the machine ; clean and flawless castings with short delivery can 
easily be obtained—a point of the utmost importance ; it also enables 
a small stock of castings to be carried. 

Going to the other extreme, we may use cast steel, which gives a 
light open machine as near perfection as possible, but we have to ђе 
prepared to carry a large stock of castings to compensate for bad 
delivery—three weeks at the earliest—and irregular castings-through 
warping or blow holes. 

In between the materials already mentioned: we have; malleable 
iron and wrought iron. The former is not largely used, but it is very 
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useful where a fairly light and small machine is required for early 
delivery, but there is considerable risk in using it on account of its 
variable magnetic properties, which depend entirely on the annealing 
process. | | 

Тһе latter is only used in special cases and for very small machines, 
when the yokes can be made out of bar metalon the anvil. It is very 
useful in the form of stampings for high-speed small machines such as 
are used for driving drills and emery wheels ; where few slots are used 
the speed is high and the losses in the pole-face and poles themselves 
are consequently liable to be extremely large. 

In gencral, from the technical and labour point of view, it is desir- 
able to use steel, for it must be remembered that there are smaller 
surfaces to be machined and no poles to be fixed, as these are almost 
invariably cast withethe yoke. 

But on the practical side delivery, idom from vexatious delays, 
and less wear and tear of tools all point in favour of the use of cast 
iron. 

Magnet Cores. —These may be made of any of the following 
materials :— 

Cast steel. 

Mild steel. 

Wrought iron. & 
Malleable iron. 


жеө ют 


I. Cast-steel poles cast with the yoke are very often employed where 
a cast-steel yoke is used, but in other cases it is hardly worth while 
going to the trouble of a special round casting when mild stecl in the 
rod can so easily be obtained. 

2. Mild steel is the material most often used. It can be easily 
obtained in suitable form, and can be cast into the yokc. 

3. Wrought iron may be employed in the form of stampings, but 
this necessitates the use of a rectangular pole, which is not the most 
economical section to use as regards economy of field copper, besides 
much extra labour is involved in fitting them together and fixing. 

4. In cases where malleable iron yokes are used it is found to be 
profitable to have the poles cast along with the yokes, and a pole-shoe 
fitted or not as the design and rating demands. 

Pole-shoes.—For machines under $ Н.Р. no shoes are necessary ; 
above this value and up to 1 H.P. the shoes must be either fitted, if the 
pole is part of, or cast in the yoke, and may be of fairly thick stampings 
(20 per inch) or of poor quality cast iron, or cast with the pole. 

Above these values it is best to use shoes made of stampings, as it 
gives better control over the gap flux ; of course, cast-iron shoes may 
be, and are used, but there is а great danger of excessive heating with 
the growing use of fewer but larger slots. 

Commutators.—These аге a frequent source of trouble in small 
machines, owing to the careless way in which they are put together ; 
too much attention cannot be paid to the pressing and assembling of 
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small commutators, as the reputation and behaviour of the whole 
machine depends upon this troublesome but necessary part. 

Brush-gear.—No definite rules can be laid down as to which type 
of brush-holder to use, 1.е., the rigid brush type or the loose brush-box 
type, except in the case of reversible motors, where the latter is sine 
quá non. 

The former type gives very little trouble at moderate speeds, but is 
liable to chatter and chipping of the brush at high speeds. 

The latter, however, operates satisfactorily at all reasonable speeds, 
it is not necessary to reverse the brush arms with reversal of the motor, 
and the holder being fixed can be made much more rigid than with the 
first type. Ц has this disadvantage, however, that the brush is liable 
to stick through dirt getting in the box; but this defect to a great 
extent can be avoided by coring or slotting out*the corners of the 
brush box. 

When the fact that the latter type is necessary for reversible motors 
is taken in conjunction with the advantages already mentioned, it will 
be seen that the gear which gives least trouble in fixing and arrange- 
ment is the loose brush type, and, in fact, many Continental and a 
number of English firms now adopt this as their standard practice. 

Armatures.—Armatures for all sizes are now invariably built up of 
wrought-iron or steel stampings of the very best class of metal obtain- 
able as regards magnetic qualities. In order to prevent loss by eddy 
currents it is necessary to insulate them from one another, and this is 
especially important in small armatures, as the frequency of magnetic 
reversal is generally large. For this purpose it is quite sufficient to ` 
rely on rust that may form on them, or upon a thin coating of insulating 
varnish placed on one side. 

The construction is as simple as possible, and it is not advisable to 
use ventilating ducts with armatures of less than 6 in. diameter ; it 
is much better to keep the losses down by keeping the magnetic 
density low than by pushing it unduly high, as is necessary in order to 
obtain air channels of sufficient size to be of any practical value. 

It is possible to former wind all armatures of 3 in. diameter and 
upwards by properly proportioning the slots and keeping them as few 
as possible. This gives a much better balanced armature, and prevents 
trouble due to heating of the armature-end connections, since it admits 
of their better arrangement and ventilation, and is also much more 
convenient in case repair is necessary at any time. 

The iron losses in the armature can be very much reduced by using 
special brands of magnetic alloy—e.g., stalloy—and the output and 
efficiency of a given armature slightly increased. 


SECTION lI.— DATA FOR DESIGN. 


Densities lo be Used.—The following densities are intended as а 
guide to help in the correct proportioning of the magnetic circuit, and 
also in the suppression of sparking in the case of the air-gap. The 
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densities in the magnetic circuit are very important, a large proportion 
of the total field ampere-turns being accounted for by the iron circuit 
and a relatively small portion by the air-gap when compared to larger 
sizes. In fact, quite usual ratios are— 


total ampere-turns on field 
"e а — --—--—- == 1°7 to Г5, 
ampere-turns оп gap 


and these values may be safely taken in the estimation of the total field 
ampere-turns required if no magnetisation curve is available, as in the 
case of a first design. The most careful estimation of the magnetic 
circuit by the usual curves of permeability, etc., are almost useless 
on account of the variables encountered in the magnetic circuit 
itself. 

The values below vary slightly with the relative prices of copper 
and iron, but so little that the variation can be ignored :— 


Material. Lines per Square Inch. 

Yoke bes ds ... | Cast iron T o 29,000-35,000 

Cast steel "S ... | 80,000-90,000 

Malleable iron ... | 60,000-70,000 

Wrought iron... ... | $80,000-90,000 
Poles КЕН и ... | Mild steel - ... | 90,000-ІОО,ООО 
Cast steel es ... | 90,000-100,000 

Wrought iron (S) ...| 80,000-05,000 

Malleable iron ... | 70,000-80,000 

Armature... 5% at Wrought iron... ... | 50,000—70,000 
Armature teeth ,.. ... | Wrought iron... ... | 120,000-140,000 

(corrected) 


— 


Gap.—In the aimgap it is advisable to keep the densities fairly low, 
especially in the smaller sizes, where difficulty is often experienced in 
finding the room for the field copper. 

The values usual are given in form of a curve in Fig. 2, and these 
will give an economical distribution of iron and copper in normal 
cases. 

In calculating these values the. pole-face value of the area of the gap 
has been taken. 

Leakage Factor.—This is much larger than is generally supposed, 
and varies from 1'4 or even 1-5 in the smallest sizes (60-100 watts) to 
1'25 to 12 in the larger (5 k.w.) ; in fact, solely in order to keep the 
leakage down it is necessary in the smallest sizes to reduce the ratio of 
pole-arc/pole-pitch to 0°6, or even 0'55, in order to obtain an econo- 
mical pole size, and consequently field coil. 
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By careful design, by placing the field coil as near the armature as 


possible, by making the pole-shoe thin, the leakage can be considerably 
reduced, especially if a bent coil is used, as in Fig. 4, this enabling the 
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magnetic circuit to be much more effectively surrounded, besides 
enabling the radial length of the pole, and consequently the overall 
diameter of the yoke, to be made smaller. 
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Armature.—The above must be chosen as low as possible in order 
to allow of former winding the armature, and also to reduce the labour 
cost in winding. The number of slots, however, depends to a large 
extent on the number of commutator sections which it is possible 
to use, but this can be got over by winding the coils as shown in Fig. 5. 
No difficulty is experienced by changing the position of the coils in 
the slots. The only difficulty with this method is when a dummy 
coil has to be employed for special cases, when sparking sometimes 
occurs. 

The number of slots per inch diameter used is very variable, but a 
rough idea may be obtained from Fig. 3, where the number of slots 
per inch diameter is plotted against diameter of stamping. 

The slot dimensions themselves should never exceed a ratio of 3:1 
ог be less than 15:1 except іп the very smallest sizes, where a ratio 
of 1:1 has sometimes to be used; this should be avoided as far as 
possible. 

The number of commutator segments is limited by the voltage per 
segment which may be allowed, and the largest safe value is about 30 
in bipolar machines and about 20 in 4-pole, when wound for high 
voltage ; a more normal value 1$ from 10-15, which values will always 
give good results. | 

Тһе commutator segments should be kept as few as possible оп 
account of the cost and difficulty of manufacture of a commutator with 
a large number of thin segments. 

Space Factor.—The space factor of small slots is very low, and on 
Fig. 7 are given the maximum and minimum values of the space factor 
for various-sized machines. 

Тһе values given are for round wires, double cotton-covered taped 
coils, and press-pahn or mica lining. 

Тһе space factor is slightly increased by using the method of 
winding already described. 

The great difference in the space factors for high and low voltages 
for any given size shows the necessity for the liberal design of the field 
circuit and field coils so that the speed may not be unduly raised, or 
the temperature rise increased to make up for the decrease in space 
factor on high voltage. It is better to do this than lengthen the 
machine, as especially in the smallest sizes the voltage most often 
required is below 220, and only occasionally higher. 

Field-coil Heating.—The data published for the determination of 
the temperature rise of field coils are very limited, and no rational 
method of correlating the results obtained on various sizes of coils 
under different conditions has yet been devised. In small machines 
the coils are more enveloped by the end frame, and thus approximate 
more in their behaviour to those in totally enclosed machines than in 
the larger sizes. 

We give below a few figures, which may be taken as fairly 
safe guides for a first design, the conditions in each case being 
stated. 
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The temperature rise is estimated by the watts per square inch of 
external cylindrical surface of the coil for 75? F. rise on the outside 
surface of the coil. 


se пре [Were] Rating | wats | 
i 1 
ee Ed же TANS T A 

| Kilowatt. | Square Inches. | 

1 І Ореп 2 1450 . rgo 

2 1j . Open 2 110'0 1'36 
Ореп 

3 |. 975 i Protected | 5 боо 907 | 

| Ореп | 

4 935 | Protected | á 475 Eo» 

| | 
Ореп 

5 | 5 H.P. i боса 4 100'0 1'30 | 

| | 
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As а safe guide the following values may be taken :— 


I. For open-type machines at speeds between 1,000 and 1,800 
revs. per minute, 1:25 watts per square inch. 

2. For open-protected-type machines between 1,000 and 1,800 
геуз. per min., I watt per square inch. 

3. For semi-enclosed machines with single gauze coverings, 
0'85 watt per square inch. 


The above values are based on a large number of experimental 
results, and will give a temperature rise of within то per cent. of 
75° and the stated rise. 

The whole of the above values are for coils with a ratio of layers to 
turns per layer of not less than 1:2 and not more than г: 0°75 (which 
are the outside limits for normal machines), and insulated with tape 
and presspahn, with no formers ; the latter being very seldom used on 
machines of the outputs under consideration. 

Armature Heating.—The armature heating is determined by three 
main factors :— 


г. The СК loss in the windings. 
2. Тһе iron losses іп the core. 
3. The peripheral velocity of the armature surface. 
I. The C?R loss іп the armature depends solely on the length of 
winding used, the nature of winding, and the current in each section 
of the armature, and is quite definite and easy of calculation. 
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2. The second item is much more difficult to obtain accurately, 
and the error in estimation may be often more than 25 рег cent., 
depending on how much filing has been necessary in the slots, 


Hu 
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a mS Feet num Б Watts рег 100 revolutions 
and also on how carefully the stampings have been assembled, 
to say nothing of the variation of quality of the iron often en- 
oountered. 


104 STOTT AND HARGROVE: THE DESIGN OF [March 2nd, 


In Fig. 1 values are given, taken from a large number of machines 
plotted by the method adopted by Mr. Hobart, t.e.— 


= against watts per pound of flux-carrying, 


where— 


М = magnetic cycles per second. 
D = density in core in kilo lines per square inch of section. 


Temperature Rise—We are now in a position to determine the 
temperature rise. This may be estimated by means of the curve 
given in Fig. ro. 

This curve gives the number of watts per square inch of radiating 
surface that can be allowed in order that the temperature rise may not 
exceed 75°F 

For rises above or below this figure the values may be interpolated, 
the watts per square inch allowable уагудпр directly as the temperature 
rise within the limits required in actual practice. 

Many methods of determining the radiating surface which should 
be taken have been proposed, but for small sizes the only one which 
gives consistent results is the one in this paper. 

The radiating surface is taken to be the circumference x the gross 
length of windings, i.e., it is the cylindrical surface of the armature апа 
end connections. ° 

No allowance is made for the pulley end or the commutator risers 
or lugs. 

Commutator Heating.—This is estimated іп the same way as the 
armature, and the necessary curve is given in Fig. 11, although the 
determination is not so accurate on account of the difficulty of 
determining the losses with any great degree of accuracy. 

Brushes.— For voltages of 50 and above carbon brushes should 
always be used, and it is not advisable or necessary to employ any of 
the patent composition brushes which give more trouble than they аге 
worth. 

The brush pressure should not be less than 20 oz. or greater than 
25 oz. per square inch. The maximum current density should never 
exceed 40 amperes per square inch, or trouble will be experienced by 
heating of the brushes on overload. 

The voltage drop at the brushes may always be taken as 2, and 
brushes should never be used without copper pigtails, or pitting of the 
brush will surely take place where the finger engages the top of the 
brush. 

A good value for the coefficient of friction may be taken 
as 0'3. 

Heating of Totally Enclosed Machines.—In the case of totally enclosed 
machines the temperature rise is determined by the watts radiated per 
square inch of external radiating surface. 
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For a rise of Вог Е. the values vary between 0:25 and о3 watts per 
square inch. 


200 400 6 Боб 1000 
Watts per 100 rp.m 


Be (Kilolines per inb) 


The total outside surface of the machine being taken, i.e., the outside 


cylindrical surface of the yoke and commutator covers plus the surface 
of the ends, 
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SECTION III.—DETERMINATION OF SIZE. 


It was first shown by Esson, and rationally by S. P. Thompson, that 
a definite relation exists between the dimensions, the output factor, and 
the watts per revolution of a dynamo electric machine. 

These relations were shown very clearly by Messrs. J. С. Macfarlane 
and H. Burge in their paper before the London Section on Septem- 
ber 11, 1908, and they give the following final equation :— 


watts 


revs. per minute 


From this we see that the product of the electric (4) and magnetic 
loading (B) is proportional to the watts per revolution per 4:1, and on 
Fig. 16 are given the relations existing between these quantities plotted 
in quadrants for ready reference. 

The values given refer to machines having a ratio of pole-arc to 
pole-pitch of 0:7 and square pole-faces. For machines having different 
dimensions the values must be corrected as below :— | 

Actual output— 


actual revs. per minute 
== output for square pole-face x PU ES 


nett actual core length _ 


core length for square poles 
ratio actual pole-arc to pole-pitch 
У == o uo ааа 
07 
From the four quadrants we can obtain for any machine— 


I. Output for a given speed. 

2. Preliminary dimensions for any output within the scope of 
curves. 

3. The various design constants of any machine, whether already 
made or projected. 


In Fig. 12 the values of the electric loading in ampere-turns per 
inch of armature circumference are also given, plotted on a base of 
output/speed for square pole-face machines. 

In the above curves the output values are given as watts per 100 
revolutions for convenience of plotting. 

Selection of Number of Poles.—From the quadrant curves we сап 
determine for any given output the armature dimensions of a machine 
for any number of poles, but not the correct number of poles to use. 
In Fig. 13 curves are given connecting the total works cost of bipolar 
and 4-pole machines with the watts per 100 revolutions. 

It will be seen that these two curves cut at a value of 100 for the 
watts per revolution, i.e, below a value of 100 the bipolar machine is 
cheapest; and above, the 4-pole machine. The exact meaning of 
this statement is made clear by Fig. 14, which gives the horse-power and 
speed corresponding to a watts per тоо revolutions of one hundred. 
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Very conveniently the rule may be given as follows :— 

Тһе costs of a 4-pole and a 2-pole design are equal when the revs. 
per minute equal the watts output of the machine. 

The above value can only be taken as approximate on account of 
the variation of labour charges, cost of power, etc., in different districts, 


СЕСЕ 
LLL LLLI seni 


Watts per 100 гр.т. Y\ Dia’ in ins 


Output Quadrants. 


Commutation.—Sparking is produced by the current which flows in 
the coils short-circuited by the brushes, and is due to the self-induction 
of the coils themselves. The voltage of self-induction (or reactance 
voltage) producing this current is opposed by the voltage induced in 
the coil by virture of its rotation in the field produced by the field 
ampere-turns. If the difference between the two is excessive we 
get sparking. 
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To obtain the least possible difference between the reactance volt- 
age and the rotational voltage we have to keep the flux density under 
the pole-tip, where the coil undergoing commutation is situated as high 
as possible, and limit the number of turns in the slots. 

The weakening of the field is due solely to the cross-magnetising 
effect of the armature ampere-turns lying under the poles, as shown in 
Fig. 6. 

Тһе ampere-turns of cross magnetisation are :— 


2 ХВхі, 
X. [==] ^ 3600 ’ 
where— 
Z == number of conductors on armature. 
B = pole-angle. 
i, == current flowing in each section of armature. 


Tbe principal reluctance in the path of the cross ampere-turns is 
that due to the air-gap, and, neglecting the reluctance of the iron, 
we have— 

__O4Rr XX, 
В, = USUS 
where— 
B, == density under tips due to cross ampere-turns. 
|, = double air-gap length. 
Combining this with the equation— 
_ 4r XX, 
B, = B жашы: 
i.e., the equation for the main field, we have for the actual strength of 
the commutating field— 


B= B, — B, = 2443 X, 


4 
1.е., the difference between X, and X, must not be less than a certain 
value ; to obtain this value is difficult, except empirically, but what can 
easily be done is to express X, in terms of X,. 
X, is practically constant, and, therefore, we can guarantee that 


the difference between X, and X, is sufficient, provided the ratio = 
ж 


does not exceed а certain value. 

As shown already, X, is a constant proportion of the armature total 
ampere-turns, and the gap ampere-turns are practically a constant pro- 
portion of the total field ampere, so that we may write instead of— 


Xe 
X, 
total armature ampere-turns 


Xa 
е е ee ee, Чур eee, 
total field ampere-turns ’ х, 
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In Fig. 15 are given ratios at which sparking commences for various 
field strengths obtained from actual tests. 

It is interesting to follow the variation of sparking voltage with 
voltage of machine, which may be done as follows :— 


Let the voltage of the machine be V. 

The current per section in armature ig. . 

The turns short-circuited f. 

For a given frame and speed the reactance voltage ос і? ia. 
For a given frame and speed the rotational voltage ос 1. 


But— 
рос V, 
and— 
„осу 
а ў . 
Hence we may write— 
V*xI 


reactance V oc 


V 


tational. У ос У. 
Непсе— 
sparking voltage == K, V — K, V 
i.e, = У (K, — K,), 


i.e., the tendency to spark varies directly as the voltage. 

This is borne out by actual experience, for a machine has to be 
designed as regards sparking for the high voltage only, and should be 
better the more the voltage is lowered, but for the lower voltages the 
output can only be very slightly increased without increasing the length 
and the cost fro rata, since we are limited by heating, the slight increase 
in output being due to the better space factor obtainable. 

It has already been shown that the sparking voltage is dependent 
on the ratio эь 

AT? 
at the highest working voltage the machine will not spark, and will 
not heat excessively provided the values for heating given in Fig. 10 
are not exceeded. 

The above method of evaluating the sparking constant of a machine 
has in its favour that it takes into consideration the density of the air- 
gap, which the reactance voltage method does not, and that it still 
prevents the armature strength from being too great. 

It may be argued that this method does not look after the sparking 
for all voltages since it is a constant for any given design, but it is 


and provided the ratios above given are not exceeded 


certain that if a machine is assigned a suitable value of = 
г 


spark on the higher voltages, provided the value of the voltage per 
segment is not unusually high, since it only deals with the maximum 
permissible sparking voltage—i.c., the difference between the reactance 
and rotational voltages—and not the reactance voltage only, which takes 
no account of the rotational voltage or the density under the pole-tips 
producing it. 

VoL. 43. 46 


it will not 


Ф 
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The calculations and tests are quite simple, and only involve thc 
running of the machine at full field current and speed, and increasing 
the armature current until sparking occurs. 

Consideralions affecling the Design of a Machine.—The total works 
cost of a small machine consists largely of labour charges, and any 
economy in price should be made by reducing these and not by cutting 
down the machine to the very finest limits. 

Reduction of Labour Charges.—These may be reduced only by making 
the machining as small as adequate with a sound mechanical job, and 
by using the cheapest possible labour in winding. 

The machining and labour may be reduced Ђу-:— 


нш 


‚ Casting the poles in or on the yokes. 

. Making the end-plates solid with the yoke and boring the 
tunnel and end-plates at the same time. 

. Making the field coils simple, and former winding the armature 
coils on a winding machine so that boys or girls may do 
everything except actually place the, coils on the machines. 

4. Adopting the method of armature winding indicated earlier in 
the paper, and thus reducing the number of coils to be 
placed in position on the armature. 

5. Using several commutators for the different voltages, and 
accommodating the number of segments to the voltage, 
thus reducing the expense entailed in building up and con- 
necting down the commutator. 

6. Putting through as many frames as possible at one time. 


N 


w 


Reduction of Cost of Malterial.—The most economical machine to 
build is the one which has the shortest length of mean turn on the 
armature and field. 

The design which fulfils these conditions is the one in which round 
steel poles are used and the pole-face is square. 

There is no difficulty in using a round pole, since the flux per pole 
is determined by the radial depth of armature core that can be allowed. 
For bipolar and 4-pole machines the maximum flux can be easilv 
carried by round poles without restricting the space for the field 
copper. If other pole-shapes are used the length of mean turn of the 
field is increased, and consequently the cost of winding and field 
copper. 

The following example shows the necessity of reducing the field 
copper and its great influence in determining the cost of net effective 
material :— 

Output 5 B.H.P. at 1,000 revs. per minute. 

£ s 
Field copper ... 2 
Armature copper T ... © 
Yoke ... 555 ЖЕР Sie e 2 0 
Агта ге laminations о 
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From the above figures it is clear that the ficld-shape giving the 
shortest mean turn must be employed, and this shortest length of mean 
turn is obtained by use of the square pole.face. If we depart from the 
square pole-face, the pole-diameter becomes so large in comparison 
with the width or length of the pole-face that the space for the field 
copper is restricted and the leakage becomes serious, and we have to 
revert to the rectangular or elliptical pole. - 

The use of interpoles would reduce the actual weight of main field 
copper, but the extra cost of material and fitting involved more than 
discounts any reduction in the main field. The saving is further neu- 
tralised by the fact that in order to find room for the interpoles the 
field-pole has to be made rectangular, and the most economical pole 
section cannot be used. 

It is very doubtful whether it ever pays to use interpoles on standard 
designs below 5 k.w., whatever the price of copper. 

The authors tender their best thanks to the Crypto Electrical Com- 
pany for their kindness in allowing data of their machines to be used in 
preparation of this paper, and also to Principal Reynolds, Professor 
Schwartz, and the Committee of the Manchester Technical School 
for permission to use their laboratories for some few special tests. 
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NOTES ON THE ELIMINATION OF SPARKING. 


By LAURENCE Н. A. CARR, B.Sc.Tech., Student. 


(Abstract of Paper read before the STUDENTS’ SECTION іп Manchester, 
Fanuary 19, 1909.) 


The object of this paper is to describe some experiments made with 
a special twin brush to obtain an insight into the commutation problem, 
and its solution by the use of interpoles. The special twin or “pilot” 


Fic. 1.—Pilot Brush. 


brush used in these experiments really consists of two brushes mounted 
together but insulated from each other. 

Fig. 1 shows the general arrangement of this brush, the two рог- 
tions of it being made of carbon. The centre lines of the two portions 
were } in. apart, and the thickness circumferentially was considered 
negligible (actually it was 0°03 in.) The axial length bearing on the 
commutator was Жіп. 

This was run on a (4-pole) commutator of 7} in. diameter, which 
gives a circumferential span of the brush of 153? of polar arc. When 
the machine is being rotated with main brushes lifted, this pilot (which 
was made to fit into the standard box-type holder of the machine) will 
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at any point, when connected to a voltmeter, give the volts generated 
by that particular 153? of armature. 

Also from this, if the speed and number of turns on the armature 
be known, the flux enclosed by this 154° can be calculated, and if we 
assume uniformity of flux in the armature, B the flux density. 

When comparing results of different armatures it would be neces- 
sary to calculate results right down to this fundamental B, but when 
comparing results on the same armature under similar conditions the 
volts read by the pilot may themselves be considered, as they are then 
proportional to the induction. 

If we consider the flux around the neutral position, we see that by 
placing the pilot brush with its centre line coincident with the geo- 
metrical neutral (Fig. 2), whatever be the shape of the pole-tip fringe, so 


Voltmeter 


Fic. 2.—Pilot Brush in Neutral Position. 


long as the machine is symmetrical the pilot will read no volts, for the 
volts generated by the turns passing between the two halves of the 
pilot will total zero, as the + and — flux areas are obviously equal. 

If we consider the machine on load either as dynamo or motor, we 
have superposed on the field flux the flux produced by the armature. 
Since the two halves of the field flux counteract each other, the arma- 
ture flux alone may be considered. 

The volts induced by the armature conductors cutting the field 
induced by itself will vary as EE М, 
cutting ; that is, the average rate of cutting lines of force by the 
ségment of the armature embraced by the two halves of the pilot. 

Care must be taken to give N, N, the correct signs relatively to the 
current. 

If N be assumed proportional to C, the current in the armature, or 


‚ N,N, being fluxes, £ time of 
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іп other words, the permeability of the path be assumed constant, it 


may be said— 


V, varies as mE Na, 


| ; С | 
1.е., Varies as 1 where У, = volts induced. 


In addition to this purely electro-dynamic E.M.F. there is also to 
be added the E.M.F. of self-induction. 

The self-induction volts vary as C the current, and also as the 
frequency ; or, in other words, inversely as the time of reversal, hence 


V, varies as where V, — self-induction volts. 


Total volts— 
V == V, + V, ie., varies as С, 


that is, varies as current х speed. 

'The sum of these two voltages V is the voltage that was measured 
by the pilot brush. | 

Tests were run as follows, the results obtained being shown in 
Figs. 3 and 4. 

The machine which was tested had an armature of то in. diameter, 
wound with 1,305 turns of o:045 d.c.c. wire. The commutator was 
74 in. diameter, and had 145 bars. 

The machine had 4 poles, and the armature was connected 2 “ circuit 
single." 

Ratio of pole-arc to pole-pitch == 077. 

The brushes used for the test need a little description. The pilot 
brush previously mentioned, with $ in. centres between the two halves, 
was bushed round with insulation (mica bound up with stamp edging), 
so as to fit a standard §-in. box-type holder. This holder was of the 
two-brush pattern, the pilot being put in one box, and the other was 
filled by a }-іп. wide hard carbon brush which had previously been 
filed down у; in. on each bottom edge, so that these edges coincided 
with the centres of the pilot. 

The other holder had standard brushes in it. 

Connection was made to the pilot brushes as follows. These were 
made from a standard brush, the top of which was coppered. This 
copper was tinned and flexible leads were soldered on, and thus 
connection was made to a voltmeter. 

The machine was driven round as an open-circuit separately excited 
dynamo, and the lead adjusted till the pilot read no volts, though the 
full armature volts registered 500. Тһе field was then switched off and 
current supplied to the armature only from an external source, the 
machine being driven round by another motor. 

Curve 3 shows à set of readings taken with a (main) current of 
10 amperes and various speeds. 
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Curve 4 shows а set of readings taken with а constant speed ог 
600 revs. per minute and varying armature current. 

From the curves it will be seen that these sparking volts do actually 
vary with the speed and armature current. 

It will be noticed that in Fig. 3 the curve does not pass through the 
origin, i.e., with the armature stationary and current flowing through it 
there was a difference of potential read by the pilot. This was attri- 
buted to uneven bedding, and hence uneven distribution of the current 
under the brush. 
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So far the case has only been considered where the brush has been 
placed in the geometrical neutral. If it is swung one way or the other 
there is an additional voltage induced in the short-circuited coil or coils 
due to the field flux that it is cutting. In the case of a motor, if we 
put the brushes backward this voltage induced opposes the self-induc- 
tion and armature flux voltages and so aids commutation. If it exactly 
equals {һе other two voltages then there is no voltage to producc 
sparking, and hence commutation is perfect. I have run a curve [0 
obtain the shape of this pole-tip fringe by running the machine open- 
circuited with full field and giving the pilot brush different angles of 
back lead, reading the volts across it. 
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А pointer scale, etc., was rigged up for this test. 

This test could not be run on the same machine as before (for com- 
mercial reasons), but has been corrected by a multiplying factor to 
reduce it to the same terms. А machine of identically the same 
dimensions was used, and the readings were corrected for— 


I. Ratio of total field flux ; 
2. Ratio of armature turns ; 
3. Speed of the two machines; 


being directly proportional to the product of the three. 
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Fig. 5 gives the results as obtained, plotted on a curve. 

Fig. 6 shows the same readings calculated as values of B so as to 
show the portion of the curve actually taken. The average induction 
in the armature under the pole-face is given, having been calculated, 
and from this the dotted line showing curve of B throughout the face 
has been drawn in. ‘This curve is merely a guess, but indicates the 
portion of the total curve that has been explored. | 

Returning to Fig. 5, this gives some idea of the lead to be given to 
the machine for correct commutation at any load and speed. For 
instance, at 600 revs. per minute, which is the speed of the machine 
motoring at 500 volts with full field, with a load of то amperes, refer- 
ring to Figs. 3 and 4 we find a voltage of 8:5 registered by the pilot. 
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To get perfect commutation, from Fig. 5 we determine that the correct 
lead to induce these volts from the pole fringe is about 15? of polar arc. 

It would, of course, be advisable, however, in actual practice not to 
give the machine this lead unless it were always running at full load, 
but rather it would be given the lead necessary to produce half these 
volts—i.e., from the curve a lead of nearly 11°, so that from no load to 
full load the sparking volts would vary from + 475 (pole-tip fringe 
volts only) to + 475 — 8:5 = — 4'75. Shifting the lead would possibly 
alter the values obtained in the curves 5 and б, but as long as the 
short-circuited coil is not right under the pole-tip itself the error will 
be slight. 

Іп the сазе of a reversing motor, of course these remarks do not 
apply, as it is bound to run in the geometrical neutral. 
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As an actual example of the advantage of giving a motor back lead, 
Fig. 7 shows graphically the result of an experiment made with a 
small motor. The machine was run as a motor on the geometrical 
neutral lead, and the speed gradually increased by weakening the field. 
Readings were taken at the load at which sparking commenced. This 
is rather hard to determine exactly ; however, by gradually weakening 
the field (thus both speeding up the motor and also increasing the load) 
the points could be moderately well determined. 

The curve also shows the results obtained when the machine was 
given a backward lead of two commutator bars. 

When interpoles are fitted, to obtain the best results the machine 
must be run with geometrically neutral lead. 

In theory the armature ampere-turns are neutralised by the inter- 
pole ampere-turns, and further, by adding more turns on the interpoles 
a reverse flux is set up across the short-circuited conductors, E.M.F. 
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generated by which opposes the self-induction Е.М.Е. (just as the 
backward pole-fringe would if the: machine were given a backward 
lead), and so gives perfect commutation. In actual practice the correct 
ratio of ampere-turns on interpoles and armature is, however, a matter 
to be determined, as the armature ampere-turns are wound on a cylin- 
der, while the interpole ampere-turns are wound on salient poles which 
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are small, and which may become saturated. There is also the leakage 
to be considered. 

The tests to be described were run ona machine similar to those used 
in the previous tests except that it had a greater axial length. In this 
particular case the interpoles were not the full (axial) length of the 
armature but only 0'294 of its gross length. The interpoles spanned 
0'094 of the pole-pitch. The test was run with the help of the pilot 
brush as before and the correct neutral position obtained. Тһе 
armature was then rotated from an external source. The shunt ficld 
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circuit was broken. The armature and the interpoles were connected 
to two independent sources of supply. - 

The volts across the pilot were then measured at constant spced 
under varying circumstances. 

Fig. 8, curve A, shows results obtained with the armature excited 
but no field on the interpoles. 

Curve B, no armature excitation, interpoles excited. This із 
obviously a magnetisation curve of the interpoles. It must be noted 
that these volts are opposite to those induced by the armature field. 

In the figure they are plotted the same way for comparison. Тһе 
great difference between the two curves at the lower end is due to the 
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two facts: (1) That the armature amperc-turns аге on the same core аз 
the short-circuited (which is practically a search) coil, while the interpole 
turns are on another core, with an air-gap between, which means 
leakage, and also (2) that the self-induction volts in the short-circuited 
coil only exist in curve А. At the upper end curve B is obviously 
affected by the saturation of the interpole. 

The effect was then tried of keeping a constant current on the 
armature and gradually increasing the interpole excitation. 

Two curves were taken (Fig. 9, A and B), A with an armature 
current of 36 amperes, which we may call full load, the other, B, with a 
currrent of 20 amperes, or approximately half load. 

It must be pointed out that the top point of curve B does not quite 
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agree with the corresponding point on curve А in the last figure. This 
is probably due to the presence in the interpole of residual magetism. 
In each case a chain curve is drawn in. This is the curve B of the 
last Fig. 8 plotted underneath the line representing the volts generated 
due to the armature action only. This shows that saturation of the 
interpole does not take place until a much higher magnetising force is 
applied to the interpoles, which is what would naturally be expected. 
The right end of curve A is very similar to the curve due to inter- 
pole only with the zero shifted from the point (о, 7:65) to (1,000, 5'5). 
This is shown in Fig. ro, and seems to indicate that in this machine 
with an armature current flowing the flux through the interpole is zero 


Armature 


Pilot volts 


1,900 2,000 | 3000 
nterpole amp. turns per lim 
Fic. 10. 


when its own turns are two-thirds those of the armature, and that 
this relation may be utilised to determine the saturation of an interpole 
under working conditions. 

With regard to the interpolar turns required by this machine from 
the shapes of А and B, Fig.9, it seems probable that to get intermediate 
curves the curve A should be slid down not vertically, but along the 
line O X. 

In this case if we make the interpole-turns a certain. number 
depending on the straight part of the curve, then the machine will be 
exactly compensated as long as the saturated part of the curve is below 
the ampere-turns axi; ; in this case about three-quarter load, but above 
this, there will still be а small sparking voltage to be absorbed by 
the brushes, which will increase as the machine is overloaded. 
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In the machine under discussion, the straight-line part of the curve 
gives a ratio of almost exactly two, that is, interpole-turns should be 
equal to the armature-turns, the interpoles being all in series, and the 
armature having a 2-circuit winding. 

Referring to B, Fig. 9, we should then have at half load 860 ampere- 
turns оп the armature and 1,720 on the interpoles (per pole), giving а 
point almost on the zero line. Below this, and above it to about three- 
quarter load the same compensation would occur, but when full load is 
reached there are 1,550 ampcre-turns on the armature and hence 3,100 
on the interpoles, giving a sparking voltage of 1 volt across the brush to 
be absorbed in the carbon, which is quite allowable. Аз the machine 
is overloaded this voltage will, of course, increase. It will also increase 
proportionately to the speed; but if the speed be raised in a 4 (от 
ratio, by shunt regulation, this sparking voltage across the brush would 
be raised to 3, which is also quite safe on a machine of this size. It 
must be emphasised that the strength of the shunt field is in this case 
quite immaterial, as it does not enter atall into the commutation problem. 

As to the modification of the shape of this curve, it is obvious that 
widening the interpole circumferentially is of no use as long as the 
conductors simultaneously under short circuit are under the pole all 
the time they are shorted. This is a mechanical consideration 
depending on number of slots, pitch of windings, etc., and can readily 
be settled for any given machine. 

Lengthening the interpoles axially, if they are not the full length 
of the armature, will increase the volts due to the interpole field, and 
hence bring the curve down more sharply, thus cutting the ampere- 
turn axis sooner, with a twofold effect—first, the maintaining of the full 
compensation up to a higher armature load, and secondly, reducing the 
number of turns on the interpole necessary to do it. From this point 
of view a full-length interpole is an advantage. 

Consideration of the above results leads to the conclusion that far 
from being an additional complication, the interpole actually simplifies 
the theoretical considerations necessary to ensure good commutation, 
and that this is the ultimate solution of all sparking troubles. 

The interpole should be of ample length axially, however, to avoid 
saturation and consequent sparking at slight overloads. 

In conclusion, I must thank the Lancashire Dynamo and Motor 


Company, Ltd., for permission to carry out the above experiments on 
their test-bed. 
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SINGLE-PHASE RAILWAYS. 


By PERCY C. JONEs, Student. 


(-Abstract of Paper read before the STUDENTS’ SECTION at Manchester, 
December 8, 1908.) 


In considering the advances made by various systems of electric 
traction as applied to railway working, the rapidly extending use of the 
single-phase type is very noticeable. It is perhaps advisable to mention 
here that the name of the system is generally taken from the type of 
motor used for propelling the train, and these types may be broadly 
classified under three headings :— 


(a) Direct-current. 
(b) Single-phase. 
(c) Three-phase. 


Each heading can, of course, be subdivided to designate the type 
more accurately, as, for instance, there are the high- and low-tension 
direct-current motors, single-phase series, and single-phase repulsion 
motors, and so forth. 

The system on which the current is generated need not be that used 
on the train motors, as 3-phase generation, for instance, is applicable 
to all the three forms of motor when supplied to the train line through 
suitable converting apparatus. 

In this paper it is proposed to describe some recent railway equip- 
ments on the single-phase system, and then, as it seems also necessary 
in order to properly realise the advantages and disadvantages of any 
particular system to consider the same points in competitive systems, 
a review will be made of the three. 

Тһе Midland Railway Company's Heysham, Morecambe, апа 
Lancaster line is of particular interest as it is the first single-phase 
line to be put into operation in this country, and in view of the 
Manchester students’ visit fo this line the following particulars will 
not be out of place :— 

Fig. 1 shows in plan the extent of the electrified lines, and also gives 
particulars of the gradients and curves. The line comprises the double 
roads between Heysham and Morecambe, Morecambe and Lancaster 
Green Ayre, and the single line’from Lancaster Green Ayre to Lan- 
caster Castle Station, the total length of single road being about 21 
miles. Тһе power station, which is situated at Heysham, 15 а gas- 
driven one working from two “Mond” producers, each of about 
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750-1,000-Н.Р. capacity. This station originally provided only direct 
current for working cranes, capstans, lifts, and other machinery, to- 
gether with the lighting of the harbour at Heysham. The engine-room 
originally contained threeWestinghouse 250-H.P. 3-cylinder gas engines, 
each driving 150-k.w. 460-volt generators. For working the electric 
railway these sets have been supplemented by one 350-H.P. engine and 
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а 235-k.w. 460-volt direct-current generator of the same Company's 
make. The station contains a battery and booster for taking care of 
the “реак” loads. 

Single-phase current ıs obtained through two direct-current alternat- 
ing-current motor-generators by the Electric Construction Company. 
The continuous capacity of each of these sets is 150-200 k.w. at 6,боо 
volt, 25 cycles; but as the load may vary from nothing to upwards of 
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1,000 k.w. in very short periods, they are each capable of carrying an 
instantaneous overload of goo К.м. The voltage regulation is well up 
to the requirements, and variations due to sudden change of load do not 
alter the line voltage of 6,600 volts by more than 300 volts either way. 

The alternating-current side of each motor-generator is connected 
to the busbars by a hand-operated oil switch, and the current from the 
busbars passes through duplicate automatic circuit breakers and dupli- 
cate feeders to the overhead lines. The incoming wire from the rails 
is at earth potential, and no other feeders to remote parts of the line 
are used. 

Considering now the overhead equipment, this is of the catenary 
type. The contact wire is of figure 8 section, and is run in lengths 
of from 800-1,000 yards. One end of each length is fixed through 
insulators to a terminal gantry, and the other end is attached through 
suitable pulleys, etc., to a weight of about 1,200 lbs. Тһе wires are so 
arranged that the trains always travel from the fixed end to the weighted 
end, and the tendency of the bows is therefore always to straighten the 
contact wire. The suspension of the contact wire differs from that on 
other lines by a modification introduced by the Midland Railway 
Company. This consists in the provision of an auxiliary steel cable 
from which the contact wire is suspended by short loops about 4 in. 
long. The auxiliary wire is in turn suspended from two catenary 
cables. Fig. 2 shows the insulator used for supporting the catenary 
cables and also the loop for suspending the contact wire from the 
auxiliary cable. The contact wire is horizontally staggered on either 
side of the centre line of the coach in order to distribute the wear over 
a greater surface of the bow than would result if it were unstaggered. 
The stagger was first made equal to 2 ft. on either side of the 
centre, but it is now considered that a r-ft. stagger is preferable. It 
may be mentioned here that in American practice а g-in. stagger is 
found to be quite sufficient. 

The track is bonded throughout its length on the outer rails with 
duplicate Forest City type bonds placed under the fish-plates, and at 
crossings and junctions all rails are bonded together. At Morecambe 
and Heysham the rails are earthed in the sea by duplicate copper earth. 
‘plates, and at Lancaster they are connected to the cast-iron columns of 
the bridge where they rest in the river-bed. 

The rolling stock was built by the Railway Company and consists 
of three motor-cars and four trailer-cars. The electrical equipments of 
two of the motor-cars were supplied by Siemens Вгоз., and the ге- 
maining one by the Westinghouse Company. 

All the motor-cars are of the open central corridor type having a 
total length of бо ft. over the end panels and an extreme width of 9 ft. 
There are two bogies on each car having 8 ft. 6 in. wheel base and 
3 ft. 74 in. diameter wheels, this dimension being on the tread when 
new. There are two motors рег саг, and these are mounted on one 
truck. Broadly speaking the main difference between the two equip- 
ments lies in the control systems. On the Siemens cars the switches 
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which make the connections for starting and reversing the motors, etc., 
are closed by single-phase magnets acting against springs, whereas the 
switches on the Westinghouse car are closed by compressed air also 
acting against a spring. On the Siemens equipments the motors are 
rated at 180 H.P. each, the full voltage being 340. They are of the series- 
compensated type with a special auxiliary commutating winding on 
the stator. There are 8 poles and 8 sets of brushes, and the motors 
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Fic. 2.—Line Insulator and Contact Wire Clip. 


are arranged for forced ventilation. A diagram of connections also 
indicating all the apparatus on the Siemens car is shown in Fig. 3. 
From this it will be scen that the current path from the contact wire 
is down the two bows in parallel through the choking coil and main 
automatic switch to the main transformer high-tension winding through 
which the current will pass to ground. Separate low-tension windings 
are provided for the motors, and from these windings tappings are 
taken to the switches which vary the potential on the motors. Тһе 
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switches are controlled by a hand-operated master controller in the 
driver's cabin. This master controller only handles the 150-volt 
current for energising the switch magnet coils, which is a low pressure 
and has no connection with the main power or high-tension circuits. 
It will be seen that an auxiliary transformer provides the low-tension 
current for the magnet coils and also the pump motors and lighting 
circuit. The Westinghouse car is equipped with two motors, which 
are of the series-compensated type having 6 poles and 6 sets of brushes. 
The rating is 150 H.P., but as the forced ventilating method first intro- 
duced by the Westinghouse Company on the Metropolitan Railway is 
used they have a large overload capacity. 

A simple diagram of the power circuit as arranged by this Company 
is shown in Fig. 4. It will be seen that there is a single main trans- 
former winding, one end of which is earthed and the other end 
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Fic. 3.—Diagram of Connections—Siemens’ Control System. 
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connects with the 6,600-volt contact wire through the circuit breaker 
and trolley bow. Тһе switch group, preventive coils, reversers, апа 
motors are also indicated. Оп the first step switches т, 9, IO, її, 
and і2 are closed simultaneously, and 2, 3, and 4 automatically 
follow connecting the preventive coils to the low-voltage taps of the 
main transformer. This step applies the minimum pressure to the 
motor circuit. The second step causes switch 1 to open and s 
to close applying an increased pressure to the motors, and this is 
further increased on successive steps. Тһе primary use of a pre- 
ventive coil is to enable the voltage on the motors to be increased 
without cither opening circuit on passing from one step to the next 
or momentarily short-circuiting a section of the transformer. By using 
three preventive coils as shown in the diagram, the path of the current to 


the motors is through four switches in parallel. This allows a smaller 


size of switch to be used than if one or two carried the whole current. 
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The motors are reversed by a separate drum-type switch which 
changes over the field connections. 

The individual switches of the switch group, main switch, and 
the reserve drum are all operated by compressed air acting on pistons 
in small cylinders which have valves controlled by alternating-current 
magnets, the circuits of which are excited in proper sequence by 
means of the master switch. 

Electro-pneumatic control has several advantages over the all- 
electric system, amongst which may be mentioned— 
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Fic. 4.—Diagram of Connections. 


I. A smaller master switch can be used and the currents handled 
by this for the small valve magnets will be very much less 
than for those of the magnetically operated switches. 

2. The switch group is lighter for a given capacity. 

3. The use of air for closing the switches gives greater power and 
renders them independent of fluctuations of line voltage. 

4. Less power is required for operation. 


The provision of air-compressing apparatus will in some cases not 
be entirely on account of the control apparatus, as where air brakes are 
used the supply for these can be utilised. 

The master switches on both makers' equipments are of the “ dead 
man handle" type. The mechanism of these switches is so arranged 
that when applying power, if the driver releases the forward pressure 
necessary to move the handle, the main circuit will be automatically 
opened and the handle will have to be returned to the “ off” position 
before power can be applied again to the motors. 

The main transformers оп both equipments are oil insulated. This 
is desirable on account of the high voltage and also to prevent the 
entry of moisture into the windings. 
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On the Siemens car two bows are fitted for collecting the current, 
while in the Westinghouse car only one is used. Тһе former аге 
normally held down by a spring, and a vacuum cylinder provides the 
power for raising them up. Тһе latter type are normally held up by a 
spring and lowered by air pressure to such a point that they are 
retained down by a catch. This catch can be released by air pressure 
from the compressor, or by means of a small hand pump. Hand 
pumps are provided on both equipments so that the bows can be raised 
when either vacuum or air pressure as respectively required are 
unavailable. 

The cars just described are representative of the most recent prac- 
tice in single-phase equipments suitable for operating as motor coaches. 

On equipments of lower power if the multiple unit system of 
control is not required, hand-operated controllers may be used. Ап 
example of this type is furnished by the Thamshaven Railway in 
Norway, recently put in operation by the Westinghouse Company, the 
general particulars of which are as follows: Тһе railway is of metre 
gauge with 20 miles of track. The contact line is fed from a sub-station 
at 6,600 volts, 25 periods. This sub-station receives 3-phase current 
at r5,000 volts, 50 periods, which is supplied from a water power 
station. The sub-station contains two 15,000/6,600 volts 3-phase oil- 
insulated transformers and two motor-generators of 250-k.v.a. continuous 
capacity. The motor is of the 3-phase induction type with slip rings, 
and is direct coupled to a single-phase revolving-field generator ; an 
exciter is also оп the same shaft. Тһе contact line is on the single 
catenary principle, being suspended from insulators mounted on steel 
brackets of T section, which are attached to wooden poles. 

Three electric locomotives have been provided for working goods 
and passenger trains, each weighs 20 tons and carries 4 motors on two 
bogies. Each motor is rated at до Н.Р. for 1 hour and is of the single- 
phase series-compensated type. Тһе 4 motors are arranged in two 
groups with two in scries in each group. А hand-operated controller 
at either end of the loco is used to connect the motors with the low- 
tension tappings off the transformer. There are five steps in which 
the voltage is proportionately increased when starting or for speed 
regulation from 240 to a maximum of 540 volts. Further particulars of 
the type of control system used can be found in Mr. H. W. Taylor's 
paper оп “ Single Phase Railway Working," published in the Institution 
Fournal for 1906, vol. 37. 

An example of the use of clectric locomotives for tunnel work is 
found in the operation of the St. Clair tunnel, which connects Port 
Huron in U.S.A. with Sarnia in Canada. Тһе actual length of the 
tunnel is 6,032 ft., the electrified approach on the American side being 
6,098 ft., and on the Canadian side 7,218 ft. Тһе total length of elec- 
trified line is therefore a little short of 31 miles. There is about 1 mile 
of 2 per cent. grade on either side leading from that portion of the 
tunnel which is directly beneath the river. 

The power-station equipment is in duplicate, there being two 
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1,250-К.м. 3-phase 25-cycle 3,300-volt turbo-generators, either of which 
is capable of dealing with the maximum demand on the station. 
Outside the power station is a vertical shaft which extends downwards 
to the tunnel. Through this shaft pass the line feeders which are 
directly connected to the contact line in the tunnel at this point, and 
no other feeders are used for supplying more remote parts of the line. 
Although the generators are wound for 3-phase, the locomotive load 
will leave one winding free, and it is interesting to note that this 
method of generation is frequently adopted as it provides a spare 
winding which can be utilised if anything goes wrong with one of 
the other two. ‘In the tunnel a modificd form of catenary construc- 
tion is used, and the steel messenger cables which support the contact 
line are as close as 3 in. to the iron tunnel shell. This seems a short 
distance considering the voltage is 3,300 between the bare cables 
and the shell, but no trouble has occurred on this account. The 
locomotives each weigh 66 tons, and are generally used in pairs ; each 
pair is capable of drawing a r,ooo-ton train up the tunnel approaches 
which requires a 50,000-lb. draw-bar pull. The full speed of the 
locomotive is about 11 miles per hour on the grade. Each locomotive 
has 3 pairs of 62-in. diameter driving wheels, each pair being driven by 
a 250-Н.Р. single-phase motor through a gear and pinion. Тһе motors 
are of the ro-pole compensated type, and are designed to opcrate at 
a normal voltage of 235 with a frequency of 25 cycles. The threc 
motors are connected in parallel, and by means of cut-out switches any 
one or two can be isolated without preventing the operation of those 
remaining in circuit. A blower is provided to ventilate the motors and 
also the main transformer. Тһе continuous capacity of the motors 
with forced ventilation is 750 amperes at 235 volts. This rating would 
permit two locomotives to pull a 2,500-ton train at a constant speed 
of 154 miles per hour for any length of time on a straight level track. 
Тһе control gear is of the electro-pneumatic type operated by means of 
a small master switch. It is interesting to note that the valve magnets 
which govern the admission of air to the switch piston cylinders are 
operated by direct current. This is obtained from a 20-volt storage 
battery, of which two are provided, so that one is in use while the other 
is charged by means of а small motor-generator set. ‘The master 
controllers operate the switches so that by connecting the motors to 
different tappings on the transformer 17 running and 3 switching 
notches are provided, these latter being used for running the 
locomotive slowly without any load. Two or more locomotives can 
be operated from one master controller when their control circuits 
are connected together with jumpers. Ап ammeter is provided at 
cach end of the locomotive to assist the driver in operating the 
controller, and he also has labour-saving devices within reach which, 
operated by means of push buttons, work the pneumatic bell-ringer, 
pneumatic sanders, main circuit breaker reset and pantagraph bow. 
The bell and sanders can also be operated by foot pedals, which are 
provided for further security. 
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Fig. 5 shows the result of a test run made in actual service through 
the tunnel with a 9oo-ton train, and indicates very well the fluctuating 
nature of {һе load on the power house. Тһе electrification of the line 
just described is a compliment to the single-phase system, as the 
entire electrical equipment had to be provided, and as all methods 
of electrification were considered by the engineers of the Tunnel 
Company each started on the same basis. 


Having now described the principal features of some railways 
equipped on the single-phase system, the remainder of this paper is 
devoted to the consideration of the possibilities, advantages, and dis- 
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Fic. 5.—Curves showing Result of Test run with Double Header Locomotive 
drawing goo-ton Train through the St. Clair Tunnel. 


advantages of the three systems which can be classified under the 
names of—direct-current, single-phase, and 3-phase. 

The Direct-current System.—The street tramways were the fore- 
runners of present heavy electric traction, and it has been universally 
admitted that a motor with characteristics of the series type is most 
desirable for that class of work. 

The chief advantage of the series motor is that it exerts its greatest 
tractive effort at the lowest speed. In railway work the greatest tractive 
effort is required at the slow speed incident to starting, and when 
running at full speed a minimum tractive effort is needed. More 
tractive effort is required on grades and curves, and this is auto- 
matically obtained at the expense of speed. Since the series motor 
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increases its tractive effort while decreasing its speed, the variation in 
the amount of power required at different points in any cycle is less 
than the variation in either tractive effort or speed. This feature tends 
to keep the load on the power house more even, which would not be 
the case with motors of the constant-speed type. 

The exponents of all three systems are in agreement that a high 
voltage is in most cases desirable for economic reasons to be supplied 
to the train, and for long lines a high voltage is essential. Considering 
the length of time that the direct-current system has been in the field, 
its progress with regard to increase of voltage has been very slight, 
and especially so when it is remembered that in the same period 
power-transmission voltages have increased enormously. 

In the earlier days of electric traction when the lines did not extend 
far from the source of current supply the trolley voltage was 450-500. 
This has gradually increased until боо volts is common for railway 
working, and it is possible that 800 volts may be used. This voltage 
is about the maximum that can be applied to one motor, and for higher 
voltages two or more motors must be connected in series. Actual 
experience seems to indicate that motors of the type at present in 
general use have their safe working limit at боо volts. Тһе addition 
of commutating poles allows a further increase up to about боо volts; 
but for pressures above this the motors must be put in series. From 
the motor point of view an increase of pressure means that better 
insulation is required, commutating troubles are more likely to occur, 
and if a flash-over between brushes happens to take place the results 
are very much more serious than on lower voltages. 

Perhaps the maximum direct-current voltage is obtained by the use 
of the Krizik system in which two trolley lines are used, one being 
1,500 volts above earth potential, and the other 1,500 volts below earth 
potential. Four 750-volt series motors are used in two groups of two 
motors connected in series. It is to a certain extent a 3-wire system, 
the rails forming the neutral and being connected to the mid-wire. It 
is only at starting, however, that the rails carry current, this resulting 
from the use of one trolley circuit only so as to obtain half voltage on 
the motors for starting purposes. For full-speed running the four 
motors in series are across 3,000 volts, so that each motor has 750 volts 
at its terminals. 

It must not be overlooked that higher voltages require extra pre- 
cautions for safety in the control gear, and although for a given power 
the current is proportionately less than for lower voltages, the gain in 
lighter: switch contacts, etc., is more than off-set by the increased 
insulation required. As there are limits to the voltage on a direct- 
current railway motor, so there are limits to the voltage which can 
be supplied by a direct-current generator or rotary converter when 
operating on the fluctuating load which occurs in railway service. 
For suburban railways of large towns where a very dense amount 
of passenger traffic has to be handled on comparatively short lines, the 
direct-current system has advantages over its competitors. 
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The proposition of electrifying any railway, apart from special 
problems of engineering, is not a technical, but a financial matter, and 
provided different systems will meet the requirements of the line, then 
the selection of the particular one depends on cost, considering both 
first cost and upkeep. As the 3-phase system is not suitable for 
suburban lines for reasons given later, the choice rests between the 
direct-current and single-phase systems. Broadly speaking, it is found 
that where a city has a large passenger traffic to its suburbs, the direct- 
current operation of the trains will cost less. This results from there 
being required a large quantity of rolling stock, and as the cost of 
a single-phase electrical equipment will usually be about one-third 
more than the corresponding direct-current equipment, the extra cost 
on a large number of single-phase equipments more than balances the 
cost of the rotating machinery sub-stations of the direct-current system. 
The generating station, assuming this to be of the 3-phase type with 
high-tension feeders to sub-stations, would be approximately the same 
for either system. Another point in favour of the direct-current system 
is the use of the third rail instead of the overhead trolley line. Which- 
ever is used, repairs and inspection are continually going along ; but as 
the train service is very frequent, it is practically impossible to inspect 
or repair an. overhead trolley wire except during a few hours in the 
night. To do this requires a special night staff, and the work is of 
a less satisfactory nature than if done in daylight. With the third rail 
inspection can be made at all times, and some repairs can be made 
without stopping the train service, the work being done by the 
permanent-way staff. | 

The single-phase system will now be considered. 

The advent of the single-phase commutator motor has provided 
a machine having the desirable characteristics of the direct-current 
series motor without in any way limiting the voltage at which current 
can be supplied to the train. There are a number of types of this 
motor differing from one another in their method of connections, but 
so far as railway work is concerned there are two principal types which 
are shown diagramatically in Fig. 6. These can have minor modifica- 
tions which do not, however, influence their principle of operation to 
any great extent. 


A is the compensated series motor. 
B is the compensated repulsion motor. 


The former type is the one most largely used, and gives a simpler 
and slightly lighter machine than the latter, the principal claim of 
which is that higher voltages can be put directly on the motor. This 
point is of little practical value as the increase is not sufficient to enable 
the high voltages which it is desirable to use in single-phase working 
to be directly applied to the motor. А step-down transformer has to be 
used which is equivalent to the auto transformer of the compensated 
series motor. 

By the use of the auto transformer a most desirable feature in 
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railway working is obtained. "This is that a low voltage can be used 
on the motor however high the trolley voltage may be above ground 
potential. On any railway system a large proportion of breakdowns 
occur through insulation failure, and as the full voltage ever applied to 
the alternating-current series motor does not generally exceed 300 volts 
the chances for trouble in this direction are decreased. From this it 
will be seen that while increase of supply voltage on the direct-current 
system necessitates an increase of voltage on the motor, which is 
undesirable from every point of view, yet the increase in single-phase 
supply voltage does not necessitate any increase of pressure on the 
motor. The high-tension circuit being confined to a single path—+.c., 
from trolley through the auto transformer to ground—can be well 
isolated from the rest of the electrical equipment, so that in addition to 
the motors the control gear also works on a low voltage. 

Another advantage over the direct-current system is that every 


Compensated Repulsion Compensated 
es 
Motor Motor 
= Ђ - A 
Fic. 6. 


variation in the voltage applied to the motor, is obtained from 
tappings to the auto transformer winding, and not by the insertion 
of ohmic resistance into the circuit with its accompanying losses. 

It is often stated as an argument against the single-phase motor 
that it gives an intermittent draw-bar pull. A little consideration will 
show that this does not result in actual practice. The motor frame 
being spring suspended does not provide a perfectly rigid take-off 
point from which the torque is exerted, and there isa certain amount of 
give in the motor shaft, gears, and axle; there is also the inertia of the 
rcvolving parts to be taken into account. Now as the current alter- 
nates so rapidly and there are the spring and inertia effects to smooth 
out the torque variations, it is not possible that any detectable variation 
wil reach the rim of the driving wheels. This is quite borne out in 
practice by the draw-bar pull of single-phase locomotives being as 
high per ton weight on the driving wheels as for direct-current equip- 
ments. In a steam locomotive the torque variation does produce 
slipping much more easily than with any electric motor, but in this 
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case the alternations аге at а very slow гаје compared with those of the 
single-phase motor, and the drive is more rigid. 

In the generating and transmission of the power there is no moving 
machinery between the generators and the motors in the train, all 
pressure changes being obtained by transformers, and as these are 
more efficient than the rotating transtorming machinery for direct- 
current supply and also do not require as much space or attention, this 
forms an advantage for the single-phase system. Comparing the 
efhciency of both systems the advantage appears to lie with the single- 
phase when the whole of the plant involved is taken into consideration. 
Comparing the rolling stock efficiencies alone the direct current is 
higher due to the electrical equipment being lighter. If, however, 
the train is frequently started and stopped or speed variation is 
required, as in freight service, then, due to the absence of rheostatic 
losses on the alternating-current system, the efficiencies might be equal 
or in favour of the alternating-current system. Тһе alternating-current 
trolley losses when a suitable voltage is used would be less than the 
direct-current third-rail losses, and the higher efficiency of the single- 
phase system sub-stations would in most cases alone make up for the 
increased weight of the alternating-current rolling stock, even if the 
starting and stopping was infrequent and no speed regulation required. 
The sub-station feeder losses would be the same in either case. In the 
power station less total output would gencrally be required for the 
single-phase system. In some cases, of course, the power station could 
feed the alternating-current trolley direct, where on the direct-current 
system sub-stations would be essential. It has been mentioned that 
the alternating-current electrical equipment is heavier than the 
equivalent direct-current equipment, and where the latter is expressed 
as a percentage of the former it may through misconception be applied 
to the percentage difference of the train weights which have to be 
moved at the expense of the electrical energy. "This is incorrect, of 
course, as the electrical equipment forming only a portion of the train 
wcight will cause less percentage difference in complete train weights 
than between electrical equipments alone. As at present most heavy 
suburban clectric traction is worked on the direct-current system, 
the fact that alternating-current single-phase equipments can also be 
operated by direct current will for the immediate future be very 
convenient. 

A few points of the 3-phase system will now be considered. 

Three-Phase System.—' The motor used on this system is of the poly- 
phase induction type, which tends to give constant speed at all loads. 
This is one of the features which limit the use of the 3-phase system to 
particular cases of electric traction. It has already been described 
why the series characteristic is desirable in railway motors, and it may 
now be pointed out that the 3-phase motor gives a torque which is 
directly proportional to the power supplied irrespective of the motor 
speed. Without considering the motor losses, the power supplied at 
full speed appears as useful output, but at half speed the same amount 


186 JONES: SINGLE-PHASE RAILWAYS. (Рес. 8th, 


of power has to be supplied, half of which is wasted in heat and the 
other half appears as useful output. At one-tenth speed nine-tenths of 
the power supplied are wasted in heat. This undesirable feature of 
the 3-phase motor is partly overcome by using two or more motors 
connected together in “ cascade" or “tandem.” In this method the 
main motor has its stator winding connected to line and its rotor 
winding feeds the cascade motor. With two motors so connected the 
combination practically acts as one motor with twice the number of 
poles, and thus half speed is obtained. Lower speeds are obtained 
by regulating the resistance in the rotor circuit of the cascade motor. 
Above half speed the cascade motor is cut out and runs idle, the 
gradual increase to full speed being effected by cutting resistance out 
of the rotor circuit of the main motor. 

Another method by which different speeds can be obtained is by 
altering the field connections to obtain different numbers of poles. 
It is evident, however, that whichever method is used the number of 
efficient running speeds is limited. When full speed is obtained it will 
tend to kcep constant whatever the gradient of the line may be, and so 
throw a very variable load on the power house. "There is no possibility 
of running faster to make up lost time, but there is also no possibility 
of racing downhill. The efficiency of acceleration for 3-phase motors 
is not comparable with that of alternating-current or direct-current 
series motors, and where the accelerating period is considerable in the 
cycle of operations as happens for city and suburban work, this point 
counts against the 3-phase system. Тһе direct-current series motor 
when giving constant acceleration ultimately reaches a point at about 
60 per cent. of the free running speed where it can be connected to the 
supply without resistances in circuit, and from this point the accelera- 
tion gradually decreases, and at the same time the current decreases 
until constant speed is reached. In the single-phase alternating- 
current motor this point occurs at 40 per cent. of the free running 
speed, and so on both types of series motor the peak load demand is 
less than with the 3-phase motor which requires the accelerating 
current maintaining a full value until full speed is reached. Since the 
induction motor tends to run at practically constant speed for all loads, 
if two motors are working together and there happens to be a slight 
difference in their driving diameters due to wear, then the load will not 
divide equally. To overcome this difficulty adjustable resistances are 
connected in the rotor circuits by which the load can be made to 
approximately equalise. Тһе 3.phase system requires two overhead 
trolley wires which are at different potentials, and so it is a difficult 
proposition to arrange the lines at crossovers and in shunting yards ; it 
also tends to limit the voltage which can be safely used. An advantage 
of the induction motor is its ability to return power to the line when 
run slightly above synchronous speed. The advantage is not so much 
from the point of view that power is returned to the line, as this is 
undesirable in some cases, but the motors acting as generators form 
an efficient brake for safely descendinglong grades. It is only fair to 
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note, however, that the direct-current and single-phase motors can also 
be arranged to regenerate. Although this system is handicapped by the 
necessity of using two overhead wires, and in some cases by the 
characteristic of the induction motor, yet for mountain railways and 
straight point-to-point runs as in tunnel haulage for steam lines, it has a 
field. There is no doubt that the introduction of the single-phase series 
motor has reduced the sphere of operation of the 3-phase system, but 
at present there is room for both. When railway electrification 
becomes more general and standardisation is necessary to effect inter- 
running of different lines one system will have to be used, and unless 
some radical change takes place the general suitability of the single- 
phase system for all classes of railway work tends to point to the 
adoption of that system. 

In conclusion, I must thank the following firms for the information 
they kindly placed at my disposal: The British Westinghouse Electrical 
and Manufacturing Company, Ltd.; The British Thomson Houston 
Company, and the С. E. Company of U.S.A; Messrs. Siemens Bros., 
Dynamo Works, Ltd. ; The Electrical Company, Ltd., and the A. E. G. 
of Berlin ; and The Lahmeyer Electrical Company. 
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THE DIRECT-CURRENT VARIABLE-SPEED MOTOR 
AND ITS APPLICATION TO MODERN MACHINE 


TOOLS. 
By W. STANLEY LONSDALE, Student. 


(Abstract of faper read before the STUDENTS’ SECTION in Londen, 
February 3, 1909). 


INTRODUCTION. 


The want of a really good type of direct-current shunt-wound 
variable-speed motor has been felt very considerably in the past, and 
now that the demand for these machines has increased lately to a large 
extent, due chiefly to the more universal use of high-speed tool steel, 
the author proposes to review the gradual development іп high-speed 
working that has been brought about by the conjunction of this type of 
motor and the high-speed tool, and then to consider the three follow- 


ing propositions :— 


I. Possibilities with high- and variable-speed working. 

2. The design of a motor to meet the conditions imposed by 
above. 

3. The useful sphere in which motors of this class can serve, with 
reference to machine tools. 


It is only in recent years that “individual” or “ grouped” drives 
have been looked upon with much favour. This has been due almost 
entirely to the fact that it did not pay to drive individual tools each with 
their own motors unless the tool was a very large one. The advantages 
gained by the individual drive are briefly as follows :— 


I. Increase in Output due to elimination of long drives апа shaft. 
ing, resulting in saving of power and friction load, and the 
possibility of working the tool up to its limit. 

2. Improvement in Quality of Work due to steadier and smoother 
running. 

3. Separate Working.—Overtime working on a section may be 
arranged for without running the whole shop. 

4. Testing Power Consumplion.—By means of, say, a portable 
ammeter, a check can Бе kept on the power taken by a whole 
shop, section, or individual tool. 

5. Increased Facilities for Extensions to Works.—This is possible as 
the original drive need no longer be taken into consideration. 
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On the introduction of high-speed tool steel the speed of working 
was increased in order to take the fullest advantages the steel offered. 
This naturally increased the power required by several of the machines, 
and difficulties were experienced with the belts, as these could not, 
owing to their size, be easily shifted on the cone pulleys. А lot of 
power was also lost in slip and extra bearing friction, the nct results 
being great wear and tear оп the belts, frequent bearing troubles, 
with consequent high maintenance charges for the plant. Further, on 
account of a variety of mandril speeds required in a number of the 
operations, there was difficulty and great waste of time in belt 
and gear changing. Several variable-speed counter-shaft gears were 
brought out and tried, but these met with little or no success. Bearing 
in mind the above, if we now dispense with the cone pulley and do 
away with the cumbersome change-speed gears for large head stocks, 
it is clear that a variable-speed motor to cover the whole range of lathe 
speeds is the only suitable substitute. 


POSSIBILITIES WITH HIGH- AND VARIABLE-SPEED WORKING. 
We have two classes of tool steel :— 


(a) Water hardened (carbon steel). 
(b) Air hardened (self hardening). 


It was in 1860 that Mushet discovered the latter, and in the course 
of his experiments, which have now become of such service to 
mankind, he found by adding manganese and tungsten to the steel, 
that the tool was able to retain its cutting edge at a much higher 
temperature. It was not until later, however, that Tavlor and White 
took the question up and conducted a long series of tests on tungsten 
steel at the Bethlehem Steel Company's Works in Pennsylvania. 

The great point brought out by Taylor and White was, that although 
ordinary air-hardened steel was spoilt by heating up to a greater tem- 
perature than that equivalent to a “cherry red," if additions were made 
of manganese, tungsten, and other like substances in definite propor- 
tions, it was possible to obtain an improvement in the cutting qualities ` 
of the tool at much higher temperatures. When this matter was taken 
up more generally in this country it was found that the results obtained 
were so different and opinions so very conflicting that some doubt was 
expressed as to the practical value of Messrs. Taylor and White's 
investigations. The Berlin Verein Deutscher Ingenieure carried out 
some exhaustive tests to settle the matter once and for all. 

In 1002 Dr. Nicolson started a series of special tests at the 
Manchester Municipal School of Technologv, on the new steel, when 
working in Whitworth fluid pressed steel and cast iron. Tests were 
taken with soft, medium, and hard samples of each.* 

The Berlin experiments were conducted with tools intended to last 
one hour, while the Manchester experiments, the “economical time,’ 


* See Report to Manchester Association of Engineers, October 24, 1903. 
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was taken as 20 тілшіев. From these tests the formula found most 
closely to represent the relation between speed and area was— 


K 
V == Cutting speed in feet per minute. 
À — Area of cut in square inches. 
К, L, and M = Constants (functions of tool and steel hardness). 


In working at these high speeds we are dependent upon a number 
of variables, and the numerical values for the constants, K, L, and M 


above, referring to the materials operated upon, are given below in 
Table I. 


TABLE I. 
Fluid Pressed Steel. | Cast-iron Bars. 

Constant. 5 GEO MCN БОДОН 
Soft. | Medium. | Нага. Sot. | Medium | Hard. . 

TW ONERE meo et 4 T 

K 1:050 1:850 1'030 3' 100 1'650 1:300 
L оо | 0016 0:016 0'025 0'030 0'035 | 
M 15:000 | 6:000 4'000 8:000 7'000 5'500 | 


The most important of these variables is the hardness of the casting 
or forging, the hardness of the tool, and the radius of the tool nose. 
The relation between cutting speed and area of cut is given by the 
formula— 


I 
уе 15, 


У == Cutting speed in feet per minute, 
a == Area of cut in square inches, 


deduced from the Berlin and Manchester experiments. This formula 
is for the speed at which a given cut is assumed to be taken under 
ordinary workshop conditions, and at which the heaviest cut for which 
a lathe is designed must be taken. Тһе results obtained at both tests 
were found to come well inside the limit curve, except a few of 
the Berlin light cut curves.* It must be borne in mind, howcver, 
that the “economical time" for the Berlin tools was one hour, and 
Manchester 20 minutes. The Manchester “ soft steel" specimens were 
in reality very tough, and, as suggested by Dr. Nicolson, the constant 
given in the formula above may be considerably increased for ordinary 
steel met with in practice, without endangering the tool. 


* See Nicolson and Smith's “ Lathe Design." 
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Once having obtained the area of cut we settle on a saitable speed, 
the economical life of the tool having been previously fixed. The force 
required for taking the cut can be determined, and the approximate 
net horse-power can then be calculated. 


METHODS EMPLOYED FOR DRIVING TOOLS. 


Before passing on to other things perhaps it would be as well to 
enumerate the means adopted for main-driving in electrically driven 
tools, in order that a correct classification may be made and no 
confusion caused. There are three methods :— 


I. А Constant-speed Motor used with a tool fitted with an all-gear 
head, containing gears of different ratios, these gears being 
apportioned to suit the class of work the tool has to deal 
with. | 

2. А Variable-speed Motor in place of a cone pulley to give con- 
tinuous variations in conjunctions with the all-gear head as 
above. 

3. A Variable-speed Motor to cover the whole range of speed, the 
motor being arranged for a direct positive drive. 


It is proposed in this paper to deal only with thetwo latter, referring 
specially to the last method. 


SPEED CONTROL FOR VARIABLE-SPEED SHUNT MOTORS. 


There are several methods which may be employed for obtaining 
speed variations on shunt machines :— 


I. By adjustment of the shunt field strength by means of a shunt 
rheostat. 
2. By varying the pressure supplied to the armature circuit by 
means of a series rheostat. 
3. By the double or multiple voltage system. 
4. By double commutator machines. 
е 


The first of these is the one that it is proposed to consider to-night. 
The second method is rarely used, as it at once destroys the most 
important feature ; the speed varying to a great extent under fluctuating 
loads. Further, in the case of large motors this is very costly, as the 
rheostat is expensive on account of its size and the method inefficient 
on account of great waste of power in the resistances. Тһе third only 
applies in cases where the power required is reduced as the specd is 
reduced. The arrangement of double or treble wiring is not always 
feasible, and any advantage which may be gained on this score is miti- 
gated with the advent of the commutation pole and compensating 
winding. The fourth is only applicable to machines where constant 
_ torque is required—e.g., pumping plants—as the machines give the same 
torque with the commutators in series or parallel ; and further, as with 
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the third system, it is not possible to get full power at low speeds. 
With the commutators in series, only half the power is available as 
when in parallel. Further, on a 500-volt system special attention has 
to be paid to the insulation of the armature, as there is double the 
voltage between adjacent coils. 


THE DESIGN оғ А SHUNT-WOUND VARIABLE-SPEED MOTOR, 


Two main problems limiting the output of the motor have to be 
faced :— 


(a) The heating at the minimum speed. 
(b) The sparking at the maximum speed. 


RUE ARRAS 
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FiG. 1.—P.D.M. Ventilated Coil. 


In proportion as these two problems can be suppressed the weight 
and cost of a machine can be reduced for a given output. With a 
modern machine of any high-class design the efficiency is about as high 
as it is possible to obtain with the present materials employed in manu- 
facture. Our attention must perforce be turned towards the reduction 
of heating and improvement in commutation. 

(a) With regard to the first of these two special attention must be 
paid to the ventilation of both ficld coils and armature, an easy path 
being provided for the flow of air through the machine. 

With the introduction of the commutation pole and a compensating 
winding in the main pole-face, the matter of keeping the field system 
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cool is no longer an ordinary problem, but one which has to be carefully 
studied. 

The Phoenix Dynamo Manufacturing Company have patented the 
use of a special ventilated main coil. This coil is wound in two parts, 
as shown in Fig. 1, each portion being on a separate spool, the two 
spools being separated bv air ducts. 

The fan action of the armature drives the air through these passages 
and gives very efficient ventilation. 

The curves in Fig. 2 show a test result obtained on опе of the coils 
in comparison with an ordinary coil. 
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It will be noticed that with the ordinary coil the external tempera- 
ture rose to about double that of the ventilated coil, while on stopping 
the machine the temperature rose still higher on account of the absence 
of windage, showing that the internal temperature was much higher 
than that of the ventilated coil. When applied to standard carcases 
this method of cooling coils has, in the author's opinion, a serious draw- 
back, for when the coils arc fitted to machines such as variable-speed 
motors with commutation poles in providing these ventilating passages · 
the diameter of the coil is incrcased, thereby filling up the space round 
the commutation pole, preventing free circulation of air, and also 
limiting the winding capacity. For plain shunt or compound machines 
the idea is undoubtedly a good one. 

(6) The question of good commutation at high speeds is a much 
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more intricate problem. With workshop motors it is absolutely essen- 
tial that the brushes remain in a fixed position whatever conditions of 
load and speed there may be. For high-speed and variable-speed 
working several methods have been tried to achieve this, and those 
employed at the present time are as follows :— 


I. Using commutation poles. 

2. Using a compensating winding. 

3. Using a combination of commutation poles and compensating 
winding. 


It should at first be carefully borne in mind that, other things being 
equal for a given speed range, the size of the motor must be increased 
in proportion to the speed range. Commutation poles do not enable а 
small motor to give a big output at a slow speed, their adoption being to 
secure good commutation qualitiesat high speeds when the main pole tlux 
is weak. It is usual in designing a direct-current motor to calculate the 
“reactance voltage," as this determines whether a machine of a given 
design will commutate its current sparklessly or not. А method which 
is very generally used by designers is that proposed by Mr. Hobart,* 
the change in current in the armature coil during the commutation 
interval being assumed to follow a sine law. Тһе reactance voltage 
is ezz2mnLc, where п = equivalent frequency of reversal, 


eripheral speed of commutator 
2 x brush thickness 

L == Inductance of the coil in henries. 

с == Current in coil in amperes. 


and — 


With regard to the calculation of the L, Mr. Hobart has put on 
record by means of tests on slots having a ratio of depth to width of 
3 to 1 that for slotted armatures a conductor embedded in the slot 
has 4 lines/cm. per ampere, and that the end connections have 
o'8 lines/cm. per ampere. 


COMMUTATION LIMITS WITH VARIABLE-SPEED MOTORS. 


If we are to obtain good commutation with variable-speed motors 
having wide speed ranges without the use of any of the above-mentioned 
devices we must rely entirely upon the brush resistance to effect the 
reversal of the current. 

Low reactance voltages may be obtained with big commutators, but 
if a large speed range is required it 15 necessary to have a very strong 
main ficld, and also the ratio of pole-arc to pole-pitch must be smaller 
than with an ordinary machine. 

The author has obtained during ordinary testing work a speed 
variation of 4 to т with a 250-volt motor of ordinary standard design, 
no commutation poles being fitted, the commutation being excellent. 


“ Parshall and Hobart, “ Electric Generators.” 
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With а 5oo-volt motor, however, the difficulty presents itself of 
obtaining a low reactance voltage at the high speeds, and one or other 
of the above methods must be resorted to. 

I. Commutation Poles.—This method is to place a small auxiliary 
pole midway between the main poles. These poles are series poles 
through which the main current, or a portion of it, passes. Тһе addition 
of these poles to a machine is to produce a reversing magnetic field for 
the coil undergoing short circuit by the brush. This field sets up in the 
coil an E.M.F. in direct opposition to the coils' own reactance voltage. 
In the Phoenix machine the pole-faces are arranged to decrease іп 
breadth in the direction of rotation, and it is claimed that this arrange- 
ment, brought out by Dr. Pohl, equalises the field distribution. 

2. Compensaling Windings.—The idea of having a cross-compound 
winding having auxiliary series coils set to produce a field at right 
angles to the ordinary field was originally put forward by Menges in 
1884, and at the same time he suggested the winding of these coils 
round the pole-pieces. Later, Fischer-Hinnen proposed the winding of 
the coils in a slot notched in the centre of the pole-face. A more 
complete solution of the problem, however, occurred to Ryan,* who 
arranged a number of coils embedded in slots cut parallel to the shaft 
in the pole-face ; this method was patented by him іп 1893. Тһе 
matter was for some reason or other not taken up until later, when Deri 
revived the idea, using as a field-magnet system a laminated structure 
resembling the stator of an alternating-current machine, and which we 
now see embodied in the Brown-Boveri type of direct-current turbo- 
generator. The matter was brought into prominence in this country in 
turbo-work by a patent which Messrs. Parsons took out in 1903 for a 
similar winding. 


COMBINATION OF COMMUTATION POLES AND COMPENSATING WINDINGS. 


With this arrangement an undistorted field system is produced, and 
at the same time a reversing field for the coil under short circuit. 

The Type of Winding to be Adopted.—There is considerable diversity 
of opinion as to the advisability of using commutation poles, a compen- 
sating winding, or a combination of the two for high-speed machinery, 
and for motors where there is a big voltage variation on the commu- 
tator due to a wide range of speed. Messrs. Parsons, for their direct- 
current turbo-generators, advocate a compensating winding only, 
arranged for 2 to 24 times the ampere-turns on the armature. With 
this arrangement there is sufficient margin both to neutralise the 
armature reaction, and also to provide a commutating field for the 
coils under reversal. Ina paper read last April by Messrs. Stoney and 
Law before this Institution the authors laid great stress on the point 
that in the absence of the commutation pole, there is no “time lag" | 
due to self-induction, when the machine is working on rapidly changing 
loads. This “time lag” in the saturation of a commutation pole is very 


* See article by Fischer-Hinnen, Electrician, vol. 40, p. 382, 1897-8. 
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much augmented by the presence of ordinary diverting resistances in 
parallel with the commutation winding, these having a much smaller 
coefficient of self-induction as compared with the iron circuit, а 
relatively greater flow of current will pass through the diverter on 
sudden overloads, and consequently the commutation pole flux will be 
weakened and sparking will occur owing to the reversing field not 
being strong enough. This difficulty may be overcome by using an 
inductive diverter. With this regulator the resistance material is 
wound on a laminated iron core, апа as the air-gap of this core is 
capable of adjustment it is thus possible to arrange that the inductance 
of the commutation pole circuit shall equal that of the diverted circuit, 
and so an equal “time lag" for both circuits is obtained. It is, how- 
ever, not convenient to have additional regulators or motors installed in 
workshops, and the best way, when designing the motor, is to allow for 
slightly more ampere-turns оп the commutation poles than is found by 
calculation to be necessary, and also to have a large air-gap. It is then 
possible to adjust the machine on test, either by removing a few of the 
turns per pole, or shortening the air-gap, by putting plates behind the 
poles. Тћеге is no doubt whatever that variable-speed motors can be 
built to give sparkless commutation over the whole speed range when 
compensating windings or commutation poles only are used, but it will 
be seen at once that with the use of compensating windings alone it is 
quite possible on a sudden variation or increase of the load to obtain a 
field distortion in the opposite direction, and so cause the machine to 
flash over. If a combination of both windings is made it is possible 
to effect a complete neutralisation of the armature reaction. 

Flash-over Limit.—It is generally found that with ordinary commu- 
tators, if the volts per segment rise to a higher value than 5o, there 
is danger of a flash across the brushes. This is dependent, to a great 
extent, on the state of the commutator ; for if this is dirty, and there is 
any deposit of copper or carbon dust, the machine is liable to flash 
over at a much lower figure than that given above. Тће author has 
stood by motors which have been overloaded purposely to find limits, 
сіс., and examined the commutator through a sheet of ruby glass. 
When the “ flash-over” point is reached, besides the excessive sparking 
under the trailing edges of the brushes, sparks are frequently noticed 
to start from adjacent segments between the brushes, these being 
segments first entering the commutation field, the sparks eventually 
linking up and causing a flash round the commutator. 


A LARGE VARIABLE-SPEED MOTOR. 


А very interesting example is а motor designed by Messrs. 
Sicmens Brothers Dynamo Works, Ltd., to drive а 6o-in. centre 
Buckton gun-lathe. It is capable of developing а тоо-В.Н.Р. оп 
а 500-volt direct-current supply, with a speed variation of 6 to 1 
(namely, тоо to боо revs. per minute), the machine being able to give 
its full output over this speed range. This motor is the largest of 
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its kind built for such a wide range of speed. The lathe is arranged 
for a direct-geared drive from the motor ; and, as is usual with these 
big lathes, the feed and speed of cut is effected from a control plat- 
form, these motions being taken from a smaller variable-speed motor 
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FiG. 3.—Diagram of Connections.—Siemens 100-B.H.P. Motor. 


at the far end of the lathe-bed. Тһе speeds may be varied at will over 
the whole range without the operator having to leave the job by 
placing the two shunt regulators belonging to these machines on the 
control platform. 


The motor in question has 6 main poles, and is also fitted with 
commutation poles and a compensating winding. It is shunt-wound, 
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except for one series turn pole, which was added in order to improve 
the stability under working conditions. Fig. 3 shows the scheme of 
connection of this motor. The yoke is a rigid construction of cast 
iron. The main poles are rectangular and laminated throughout (т.е., 
pole and shoe), the plates consisting of 1 mm. steel papered on one 
side. The commutation poles are also laminated and provided with 
stiffening plates, the core being riveted together. 

There is no doubt whatever that “cast-in” poles are a source of 
frequent trouble in the magnetic circuit, due to air-bells collecting 
behind the poles when the cast-iron yoke is poured. A further point, 
which will be appreciated by all, is that the entire field system of both 


-Full load 


Vols between adjacent segments 


main and commutation poles, or any individual field coil, can be 
removed without dismantling the machine beyond removing the end 
shields. Both the main and commutation field coils are former- 
wound, the whole coil being mounted on а rectangular bcbbin. The 
series turn located at the back of each shunt coil consists of strip 
copper, the strips being bent round a former, and then taped together 
to form a complete coil. The compensating winding consists of solid 
copper strips, each taped and imbedded in slots in the pole-face. The 
strips are connected up at the hang-out, by sweating into a copper 
shoe, making a very solid joint. Тһе armature is of the slotted drum 
type, built up of soft iron laminations of a very low hysteresis loss iron ; 
the stampings are mounted in a cast-iron spider keyed to the shaft. 
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The commutator, before machining, is subjected to a heavy pressure, 
and then mounted on. its own hub, which is then keyed to the same 
spider. The armature coils are former wound and interchangeable, 
the coils being held in position throughout their entire length in the 
slots by means of wedges of a hard wood dove-tailed into the teeth. 


Pressure volts 


Efficiency. 
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Speed of motor r.p.m. 
Fic. 6. 


TEsrs. 

The highest temperature rise recorded after a 5 hours' run at 
full load at 350 revs. per minute was only 37? F. 

Fig. 4 shows two curves taken on the machine giving the pressure 
in volts between adjacent commutator segments at different points 
on the pole-pitch line. Both these curves were taken at the maximum 
speed (600 revs. per minute)one at full load and the other at light load. 

Fig. 5 shows the open-circuit characteristic curve of the motor. 

Тһе efficiency of the motor at full load is shown plotted against the 
speed in Fig. 6. It will be noticed that the maximum value reaches 
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some 88 per cent., and, further, the curve remains fairly flat over the 
whole speed range. When on test the motor was found to be perfectly 
stable from no load to 100 per cent. overload at all speeds. This is, 
of course, a very important point to be achieved in the design of a 
variable speed motor, especially when driving machine tools, as ali 
hunting is eliminated when starting and stopping a cut. It was not 
possible to detect апу sparking from 100 to боо revs. per minute, 
and the commutator was found to be in excellent condition after the 
above-mentioned test. | 

A smaller variable speed motor was also designed for actuating the 
control platform of the lathe, capable of giving 5 B.H.P on a 50o-volt 
direct-current circuit from 150 to 1,020 revolutions per minute. This 
motor is not provided with a compensating winding, but it has 
commutation poles. 

Fig. 7 gives the voltage distribution curves taken on this machine at 


Voltage | Distribution | Curves & 


Siemens) 5 ВНР Motor 


(Speed rozorp.m) 
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light load, 25 рег cent. апа 120 per cent. overloads at the maximum 
speed, 1,020 revs. per minute. If these curves are compared with those 
taken on the roo- B. H.P. motor, Fig. 4, it will be noticed at once how 
the compensating windings act to reduce the distortion of the pressure 
curve, and also in the absence of these windings how the armature 
field action effects the volts betwcen adjacent segments. It will be 
seen that when this motor is working at 120 per cent. overload the 
volts per segment have reached the value of 50, and it has been found 
that at this point there is a great danger of a flash-over. 
Fig. 8 shows the open-circuit characteristic curve of the motor. 


CONCLUSION. 


Machine tool-makers are just beginning to realise the important 
advantages offered by the direct-current shunt-wound variable-speed 
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motor. By judicious selection, cases of antiquated drives and 
change-speed gear-boxes may be investigated, and direct-coupled 
motors installed. Difficulties which at first seemed insurmountable 
have been overcome by the application of the latest windings 
and mechanical construction. А wide field has been opened for these 
motors now that high-speed steel is finding a footing in most of our 
workshops, and judging from some of the excellent results obtained in 
recent installations the electrical engineer has not been found wanting. 
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Іп conclusion, the author wishes toexpress his best thanks to Messrs. 
Siemens Brothers, Dynamo Works, Ltd., for the many facilities they 
have afforded him during the preparation of this paper; to Messrs. 
Lawrence Scott & Co., and Messrs. The Phoenix Dynamo Manufacturing 
Company, for their notes and illustrations which have been kindly placed 
at his disposal, and also to several of his colleagues who have assisted 
from time to time with their advice and suggestions, amongst whom _ 
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Campbell Pollard. 
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THE UTILISATION OF EXHAUST STEAM FOR 
ELECTRIC DRIVING. 


Ву С. S. RICHARDS, B.Sc. Tech., Student. 


(Abstract of Paper read before the STUDENTS’ SECTION at Manchester, 
February 18, 1909.) 


Up to the present time this subject does not appear to have been 
touched upon by any of the papers read in connection with the 
Institution; but as it is of growing importance, and particularly to 
electrical engineers, a discussion of the subject should be of interest, 
and it is hoped that this paper will serve a twofold purpose. 

I. To bring home to electrical engineers in particular the great 
importance of the subject by pointing out that the utilisation of waste 
steam means in most cases the adoption of the electric drive, and by 
showing that the extreme simplicity, reliability, low first cost, and 
almost negligible running costs, which are obtained by the installation 
of a low-pressure turbine plant, render it eminently suitable for the 
generation of electricity. 

2. To show that it is not only of importance in extending the 
use of electricity in mines, rolling mills, etc., where waste steam is 
available, but that it may lead to large economies in ordinary central 
station work, and in power houses generally, where reciprocating 
engines already exist. 

SECTION I. 


The only economical method of using the exhaust steam from non- 
condensing engines is to put down a turbine, which, acting as it does 
оп a dynamic principle, can utilise low-pressure more efficiently than 
high-pressure steam. 

The high speed of the turbine limits its application to the direct 
driving of electric generators, turbo blowers or exhausters, and turbo 
pumps, and of these the first, namely, the electric drive, has immeasur- 
ably the largest field. 

Power Available-—The great amount of power available where 
engines are run non-condensing is scen clearly from the entropy 
diagram Fig. 1, which shows that the turbine will develop 
approximately the same horse-power as the engine from which it draws 
its steam. 

Reliability.—The general reliability of this system is proved by its 
rapid and successful development ; and indeed this may naturally be 
expected because the low-pressure turbine possesses the following 
distinctive characteristics in its favour :— 


1909. ] EXHAUST STEAM FOR ELECTRIC DRIVING. 153 


I. А very short and stiff spindle. 

2. Long blades which allow of relatively large clearances with 
small leakage losses (this applies more especially to the 
Parsons type). 

3. No dummies. 

4. No distortion due to difference of temperature in various parts 
of the casing. 

5. No danger if the turbine goes over to atmosphere. 

6. No part of the machine subject to high-pressure steam. 
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It will therefore be seen that the manufacture of low-pressure is 
a much simpler proposition than the manufacture of high-pressure 
turbines using superheat, and as the leading makers of the latter are 
turning out machines quite as reliable as ordinary steam engines, it 
follows that they should be able to manufacture low-pressure turbines, 
which are practically immune from breakdown. 

General Descriplion.—Nearly all the makers of the Parsons type of 
turbine in this country, on the Continent, and in America, have reverted 
to the double-flow principle for their exhaust machine. This gives an 
extremely simple construction. The spindle is made in one diameter 
and no dummies are required. 

Turbines built on the impulse principle are all single-flow machines, 
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and the method of construction is practically identical with that of 
high-pressure turbines, but, of course, since the high-pressure portion 
is cut out the number of wheels is greatly lessened and the machine is 
thus very much shortened up. 

Roughly, an exhaust steam turbine may be conüdéred to be the low- 
pressure portion of a high-pressure turbine giving double the output ; 
and high- and low-pressure turbines of the same output should be- 
approximately the same weight. 

Mixed Pressure Turbines.—In cases where the exhaust steam available 
is insufficient to cope with the whole of the load, a very satisfactory 
method is to put down what is known as a mixed pressure turbine, #.c., 
an ordinary high-pressure turbine, with the low-pressure end modified, 
provided with an opening in the cylinder at the point corresponding to 
a little below atmospheric pressure on full load, the high-pressure steam 
being passed through the turbine in the usual way, and the low- 
pressure led іп at the point mentioned, the valve and governor gear 
being so arranged that the machine will work automatically either on 
high pressure alone, low pressure alone, or on high and low pressure 
together, according to the quantity of exhaust steam available at the 
moment. 

A turbine of the Westinghouse-Parsons type, of 368-k.w. capacity, 
installed at the Gloucester Railway Carriage and Wagon Company's 
Works, Gloucester, is fitted with high- and low-pressure steam chests, 
the latter being capable of passing 9,000 155. of exhaust steam per hour, 
which is the maximum quantity available, and from which 210 k.w. are 
obtained, the rest of the load being carried on high-pressure steam. 
In this turbine the governing is effected by giving the low-pressure 
governor valve a lead over the high pressure, so that the full quantity 
of exhaust steam is always used before high-pressure steam is admitted. 

In the Rateau mixed pressure type of turbine the pressure in the 
accumulator is allowed to act on a piston, which automatically cuts 
off the high-pressure steam supply, when there is an ample quantity of 
exhaust stcam available to cope with the load, and automatically admits 
the high-pressure steam when this supply fails. 

The electrical portion of the plant is, of course, identical with that 
of any standard high-pressure turbo-generator installation, апа there- 
fore does not in this connection call for any special mention. Perhaps 
the most interesting development 1$ the use of the radial face com- 
mutator, which appears to have quite eliminated the old troubles due 
to vibration. | 

Heat Accumulator.—This is necessary in the very many cases where 
the supply of steam is intermittent, and it is used to act as a sort of heat 
flywhecl; the principle will readily be grasped from the cross-section 
of an accumulator shown in Fig. 2. Тіс steam passes through longi- 
tudinal tubes in the cylindrical shell, containing water, and escapes 
through small holes in these tubes, thus throwing the water into violent 
agitation, which by the introduction of suitable baffles produces a perfect 
circulation, When the quantity of steam entering the accumulator is 
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in excess of the demand, the pressure rises, and the steam is condensed, 
the pressure falling and the steam re-evaporating, when the demand is 
in excess of the supply. 

This accumulator is built under the Rateau patents, and although 
there are othérs on the market, it appears easily to hold the field. The 
exposed surface is very small compared with the quantity of water con- 
tained and the volume of steam handled, and thus only about 1 per cent. 
is lost in radiation. 

The size is governed by the amount of steam available and the 
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. Е16. 2.—Rateau Water Type Heat Accumulator. 


maximum length of the stop, and the range of pressure may be kept 
within very small limits, say from 2 to 2$ lbs. | 

The amount of exhaust steam ayailable should be calculated from 
the indicator diagrams, and not from the duty of the boilers, since in all 
cases there is a loss of from 15 to 20 per cent., due to condensation in 
the engine and piping, and in some cases this loss is even much greater ; 
it should be pointed out that this water of condensation is of no use in 
the turbine, as, although a certain amount of re-evaporation will take 
place, this is more than counterbalanced by the increased frictional 
losses. The dryness fraction of the steam coming from the accumulators 
is usually about 0:85, and the performance of the turbine will be improved 
if a steam separator is used. | 

Condensing Plant.—High vacuum is very necessary in all turbines, 
but especially in the type under discussion, since it is only under vacuum 
that it is possible to run them at all. 
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Fig. 3 shows the increased percentage power gained for each inch 
of vacuum in a turbine working on steam at atmospheric pressure ; the 
condensing plant is therefore of vital importance and must receive very 
careful consideration. 

Water.—The quantity of water necessary for cooling purposes in- 
creases very rapidly with increase in temperature ; consequently the 
watcr supply is of great importance. 

Surface Condensers.—' The great and practically only advantage of 
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the surface condenser is, that the condensed steam may be used for 
boiler-feed purposes, and in some cases, where the water supply is 
very impure, its use is absolutely necessary ; but there is no doubt that 
it has been used in many cases where it would have paid to spend a 
small amount on the purification of the boiler feed water and to use 
jet condensers. 

Fet Condensers.—The various types of jet condensers are well known, 
but it will, no doubt, be interesting to give a short description of the 
latest arrival, which has practically come to the front in this country 
only within the last twelve months; this is the Leblanc multiple jet 
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condenser, which has been developed by the Société Anonyme Westing- 
house in France. 

The principle will be readily grasped from Fig. 4, which shows the 
condenser partly in section and partly in elevation. 

The steam is admitted at the top B, and meeting the injection water, 
which has a considerable velocity imparted to it in the nozzles C, is 
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condensed, and, together with the air, is carried through the contracting 

cone D, there being a certain ejector action ; the mixture then falls to 

the bottom of the condenser, and is extracted by a centrifugal pump. 

The air rises round the outside of the cone, and is removed by a rotary 

air pump of special construction, which is seen in Fig. 5. Water is 

forced to the centre of this pump by the pressure of the atmosphere, 
49 
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and entering the guide vanes with considerable velocity, which is 
further increased by the moving vanes T in the rotor, is sprayed by 
these vanes in such a manner as to entrap the air and pass it through 
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the cone C, where it is discharged against the atmosphere; both 
pumps are mounted on the same shaft, and are driven from the same 


motor. This dry-air pump is also used in connection with surface 
condensers, 
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Apart from the question of efficiency, the most striking feature of 
this condenser is, that it is possible to instal a complete power plant in 
which reciprocating parts have no place. 

SECTION 2. 


We must now turn our attention to the possibilities of improving 
the economy of power stations where reciprocating condensing engines 
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are already installed, and the statements made as to the efficiency of 
the low-pressure turbine will, of course, apply in general to Section 1. 
In order to realise fully these possibilities, we must first get a clear 
idea of the great advantage to be derived from increasing the range of 
pressure through which any prime mover using steam works, provided 
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that the energy in the steam is utilised efficiently at both the high- and 
low-pressure portions of the cycle. 

To demonstrate this, let us take two cases, in both of which the 
feed water to the boilers is raised to 200? F. in an economiser, thus 
placing them on the same basis, and giving approximately the same 
boiler efficiencies :— 


I. Steam generated at 250 lbs. per square inch absolute and 
expanded adiabatically down to 28 in. vacuum. 

2. Steam generated at 15 lbs. per square inch absolute and 
expanded adiabatically down to 28 in. vacuum. 


From entropy diagram, Fig. 6, it will be seen that although in case 
I only 5:8 рег cent. more heat is added to the steam initially, 108 per 
cent. more heat is rendered available for work ; and although in case 2 
less heat is put into each pound of steam than in case т, actually more 
beat per pound is turned into the condenser. 

If we assume that the efficiency ratio, /.c.— 


, , energy given out at engine shaft 


ee ———— 


is the same in each case, the high-pressure plant will be about twice as 
efficient as the low-pressure, and, moreover, the boiler and condensing 
plant of the latter will be much more bulky and expensive. 

By taking intermediate pressures, a curve similar to A, Fig. 7, is 
obtained, showing how the efficiency rises with increase of pressure. 
On the other hand, by keeping the initial pressure constant for cases 1 
and 2 and varying the vacuum from, say, 22 to 28 in., curves B and С 
are obtained, showing the rise in efficiency with better vacuum. These 
curves show that the last inch or so of vacuum, when the initial steam 
pressure is high, are not nearly so important as when it is low. 

Superheating.—The possible thermodynamic gain by the use of 
superheat is very small compared with the gain to be derived from 
increasing the pressure. This will be seen by taking two cases similar 
to the last, but with steam superhcated 200° F. 

We then have— 


Steam at 250 Ibs. absolute, superhcated 200° F., and expanding 
adiabatically down to 28 in. vacuum. 

Steam at 15 lbs. absolute, superheated 200? F., and expanding 
adiabatically down to 28 in. vacuum. 


It will be seen that by adding то per cent. more heat in the form 
of superheat in both cases we get an increase of 14 per cent. and 
18:5 per cent. respectively in the heat available. This shows that the 
theoretical gain due to superheat is very nearly independent of the pres- 
sure, and that the net gain for 200° F. is only from 4 to 8} per cent. 
As a matter of fact the actual gain is, of course, considerably greater 
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than this, owing to the reduced skin friction in the turbine and reduced 
condensation in the reciprocating engine. 

Efficiency.—The available heat іп the cycles considered cannot, of 
course, all be turned into work in the engine, but whereas in either a 
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turbine or reciprocating condensing engine working alone, only from 
50 to 70 per cent. of the heat can be changed into work, by using the 
combination, from 70 to 80 per cent. can be realised. When it is 
considered that we gain not only this greatly increased mechanical 
efficiency, but also a greatly increased thermo-dynamic efficiency, the 
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possibilities of the combination for reducing steam consumption will be 
evident. 
Conditions under which it is advantageous or otherwise to put in 
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the Combined Plant.—The possibilities outlined above have already 
been proved in practice in marine work. 

А word of warning is necessary, however. ЈЕ must be distinctly 
understood that no advantage is to be gained by installing a low- 
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pressure turbine if the only object aimed at is to decrease the steam 
consumption, keeping the output the same. 

An advantageous change is only possible when, in addition to 
reducing steam consumption, an extension of the plant is contem- 
plated. This will be clear when we consider the indicator diagram, 
Fig. 8. If the output remains constant, reduced steam consumption 
must necessarily mean earlier cut-off, and consequently more complete 
expansion of the steam in the engine itself (say from ro in. to 16 in.). 
To expand the steam from 18 in. to 28 in. is all that is now left for the 
turbine to do, and obviously this would give very little output, and 
would be an insignificant return for the capital cost incurred. If, on 
the other hand, the intention is to put down an additional unit of 
nearly equal, or larger, capacity than the existing one, an excellent 
opportunity is afforded for the use of the low-pressure turbine. 

We have considered the heat diagram of the combination, and it is 
interesting to compare this with the indicator diagram. Ап actual 
indicator diagram plotted from the indicator cards of a triple expan- 
sion engine is shown in Fig 9. If the full output is to be maintained 
non-condensing, the area of the diagram must still be the same, and 
the cut-off will be increased from, say, 4 to 3 stroke in the high-pressure 
cylinder, the cut-off in the other cylinder being also increased. If the 
diagram be now completed to the full vacuum of 28 in., it shows very 
well the work done in the turbine, and illustrates how absurdly large 
the engine cylinders would need to be to give the same result. 

Some actual results will be found in the curves at the end of 
the paper, but I think the figures cited below will bring out even 
more clearly the results to be expected from the combination. 

A 750-k.w. (1,080 B.H.P.) triple-expansion high-speed steam engine, 
by a well-known maker, gives steam consumptions as follows, which I 
think all will agree are quite reasonable :— 


Saturated Steam (1,080 В.Н.Р.). 


Condensing Engine. Non-condensing Engine. 
Steam pressure  ... ... | 150 lbs. per sq. in. | 150 Ibs. per sq. in. 
Vacuum  ... ps iss 26 in. Atmosphere 


zi таны at | 14-5 15. рег В.Н.Р. | 19'5 lbs. per B.H.P. 


Heat available in steam ` | 
io cu п} 285 B.Th.U. 173 B.Th.U. 
Corresponding efficiency 
of engine as compared 62 per cent. 75 per cent. 
with Rankine cycle ... 
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This engine is therefore 13 per cent. more efficient when running 
non-condensing than when running on a vacuum of 26 in. 
Now, each lb. of steam exhausted from the non-condensing 
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engine, if expanded down to 28 in. vacuum in a low-pressure turbine, 
will give out a further 144 B.Th.U. of heat, and the turbines will utilise 
this quite as efficiently as the engine has already used the heat in the 
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high-pressure steam. Let us suppose, however, that there is a loss 
of то per cent. in various ways between the engine and turbine, and 
take the efficiency of the latter as 65 per cent. instead of 75 per cent. 
The actual consumption of the turbine will then be 274 Ibs. per 
B.H.P.-hour (corresponding to about до Ibs. per kilowatt- hour, which is 
a figure easily obtainable in practice). 

This means that after the 21,000 Ibs. (1.е., 19:5 x 1,080) of steam 
have passed through the engine, giving 1,080 B.H.P., they give another 
770 B.H.P. in the turbine—the overall consumption is therefore 

21,000 
1,080 + 770 

Сісагіу, then, in this case, if instead of extending by putting down 
another engine, a low-pressure turbine is installed, the steam con- 
sumption at full load will be reduced 3'15 165. per B.H.P.-hour—i.e., 
4:6 lbs. per kilowatt-hour, nearly 22 рег cent. 

Taking similar figures for superheated steam :— 


= 11°35 lbs. per B. H.P.-hour (16:5 lbs. per kilowatt-hour). 


Condensing Engine. Non-condensing Engine. 
Steam pressure  ... ... | 150 lbs. рег sq.in. | 150 lbs. per sq. in. 
Superheat ... T be 120° F. 120° Е. 
Vacuum  ... Ais us 26 in. Atmosphere 


Steam consumption M 12'5 Ibs. per B.H.P.- | 16'8155. per B.H.P.- 
full load т hour hour 


in expanding . 


Corresponding efficiency 
of engine as compared 66 per cent. 81 per cent. 


Heat available from ке: M 307 B.Th.U. 186 B.Th.U. 
| 
with Rankine cycle | 


In this case, although the engine is 15 рег cent. more efficient поп- 
condensing tban condensing, the percentage overall saving is less than 
before, being only 10 per cent. ; this is because the output of the 
turbine is only 710 B.H.P., as compared with 770 B.H.P. in the 
previous case. The same thing occurs if, instead of superheating, 
the steam pressure is raised, as will be seen from the table on 
page 766. 

This table shows that increase of steam pressure largely reduces the 
stcam consumption of the engine, whereas it actually increases that of 
the turbine—e.g., raising the pressure from 8o to 200 lbs. per square 
inch reduces the consumption of the engine, and increases that of the 
turbine by 30 per cent. and 5 per cent. respectively ; consequently, if 
a low-pressure turbine, designed to run on atmospheric pressure, is 
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used with an engine working under very good steam conditions, its 
output will only be from бо to 70 per cent. of that of thc engine. 
Probably in such cases the best method of increasing the output of 
the turbine is to arrange the valve gear so that the engine will give its 
full output when working against a back pressure—c.g., if the engine іп 
column 5 works against a back pressure of то lbs., its steam con- 
sumption will be increased to 21-5 lbs., and the corresponding con- 
sumption of the turbine will be 2272 lbs. ; the output of the latter is 
therefore 1,045 B.H.P., which is nearly equal to that of the engine, 
and the overall consumption per B.H.P.-hour is 11:0 lbs., a reduction of 
17 per cent. (3:3 Ibs. per kilowatt-hour) from the figure got with the 


1,080- B. H.P. NON-CONDENSING ENGINE, SATURATED STEAM. 
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engine running normally condensing. This is much more satisfactory 
than increasing the output by putting down a mixed pressure turbine. 

The figures cited above are all given on the assumption of an 
efficiency ratio of 65 per cent. in the turbine, the vacuum in all cases 
being 28 in. ; but as a matter of fact this figure can be improved upon, 
and it is possible to get the same results in practice, with a vacuum of 
from 27 to 274 in., depending upon the size of the unit. 

The economy improves, of course, with the size of the set, and, 
in fact, where units of 5,000 Клу. are under consideration—/.c., a 
combination of 10,000-k.w. capacity, there is no reason to doubt that 
consumptions of 11 lbs. per kilowatt-hour can be realised, if the steam 
conditions are good. 

Concluding Remarks.—It may be taken in general that the cost of a 
low-pressure plant, as described in Section r, with accumulator, is 
certainly not greater than that of a high-pressure plant, with boilers ; 
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and, in cases where the accumulator can be dispensed with, the cost 
for installations above 200-k.w. capacity is decidedly less. 

In Section 2, for outputs above 500 k.w., the cost will be much 
less than the installation of reciprocating sets—when large outputs 
are reached it is only about one-half. The turbine itself will be 
approximately the same price as a high-pressure turbine, but each case 
must carefully be considered on its merits, as local conditions vary 
very considerably. 

It is impossible in this paper to treat the question of costs in detail, 
but it is hoped that sufficient has been said to influence those not vet 
familiar with the subject to apply to the manufacturers for information 
concerning cases coming under their notice, in which the installation 
of low-pressure plant appears to be desirable. 
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THE RADIO-TELEGRAPHIC STATION AT 
| CULLERCOATS. 


By ААСЕ. S. M. SÓRENSEN. 


(Paper received from the NEWCASTLE LOCAL SECTION, May І, 1909.) 


It is my intention in this paper to give a description of the erection, 
installation, and general working of the radio-tclegraphic station at 
Cullercoats, and as radio-telegraphy forms а special branch of 
electro-technology it will presumably not be out of place to start 
with a few notes on the principles of the production of electric 
oscillations and electro-magnetic waves. 

You will doubtless be aware that the discharge of a condenser 
becomes oscillatory when it takes place through a self-induction. 
Maxwell explained theoretically how the electric oscillations in such 
a circuit, by creating alternate electric strain and magnetic flux in the 
surrounding dielectric medium, would create an electro-magnetic wave 
propagated through space. 

It will, however, be seen that if the condenser after charging is 
connected to a helix the energy will soon be dissipated, and nothing 
further will happen until the condenser is recharged. But the closed 
circuit consisting of an ordinary condenser, such as a Leyden jar and 
a self-induction helix, is a very bad radiator. И was therefore not 
until Hertz applied the open-circuit oscillator and the spark that 
clectro-magnetic waves were actually gencrated and their existence 
practically proved. Тһе Hertz oscillator consisted of two metal rods 
with metal balls at one end, the balls being placed псаг together, and 
forming a spark-gap between them, while at the other ends metal 
plates were fixed to the rods, these plates forming the condenser, 
The sparking balls are connected to the secondary of an induction 
coil from which the condenser is charged, and when a certain poten- 
tial is reached the discharge takes place through the spark-gap. The 
circuit is thereby completed, oscillations are set up in the circuit, and 
a train of waves radiated. By means of some similar circuits con- 
taining a very small and adjustable spark-gap, Hertz succeeded in 
detecting the existence of the waves at some distance from .the 
apparatus. 

A much morc powerful radiator is obtained by using long vertical 
wires, the so-called antennze, on one side of the spark-gap, and con- 
necting the other side to earth. Тһе use of such aerial wires was 
originated by Popoff in research on atmospheric electricity. 
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A sensitiveapparatus for detecting electric oscillations—the coherer — 
was obtained by Branly, who discovered that an imperfect contact alters 
its resistance considerably under the influence of electric oscillations. 

So far the work on this subject was confined to scientific research. 
But the time had then come for practical application, and Signor Mar- 
coni, by inserting a telegraph key in the primary of the inductorium 
and connecting a Morsc-inker with the coherer in the receiver, suc- 
ceeded in controlling the impulses sent out and received in the.shape 
of Morse code signals, and was thus the first to establish radio-tele- 
graphic communication. From that time improvements in radio- 
telegraphy have progressed quickly. 

It will be understood that the oscillations created by directly 
exciting a plain antennar circuit (open circuit) must die out rapidly, 
the energy being quickly dissipated by the radiation. The oscillations 
are strongly damped, and comparatively long inactive intervals follow 
cach train of waves. | 

А great improvement was made by the introduction of the closed 
circuit, inductively or directly exciting the open radiative circuit, 
known as the coupled system. То obtain the maximum effect of 
oscillations in one circuit on another the two circuits must be 
in electrical resonance, t.e., have the same natural frequency. Тһе 
frequency of oscillations in a circuit of self-induction L and capacity 
C is— 


I 
2x JL C 


[t is, of course, not only the circuits in a coupled system that have 
to be in resonance, but likewise the sender and receiver, which must 
be "tuned" to one another, as it is more commonly termed. Тһе 
exactness with which such tuning can be effected depends on the 
damping. The smaller the damping, the sharper is the tuning. Тһе 
use of tuned circuits was originated in Germany by Professor Braun, 
and in this country by Sir Oliver Lodge, and is now used in practically 
all wireless systems. 

The receiver has been further improved by the invention of better 
detectors, such as the magnetic, electrolytic, and thermo-detectors, 
and crystal rectifiers. Starting from such technical differences in 
design of apparatus and detectors used, the numerous different spark 
systems have been developed, but in principle they are all the same. 
Such systems are, for instance, the Marconi, Telefunken, De Forest, 
Lodge, Muirhead, and Fessenden systems. 

The description of the spark-system installation at Cullercoats will, 
with a few additional remarks, give a good idea of the construction and 
working of a spark-set of any type. 

The building of the Cullercoats radio-telegraphic station was started 
in February, 1906, and the mast and house completed about June, 1906. 

The mast is a lattice-build pole which was completely constructed 
toitsfulllength lying on the ground (Fig. 1). After fixingthe upper ends 


А. Foundations. 
C, Cross-section of joint. 
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of the guys to the mast, it was lifted bodily into position by means of a 
derrick crane. Тһе illustrations show different stages of this process. 
The house, which was in a temporary position while the mast was 
being hoisted, was afterwards shifted toitsfinal position. Тһе erection 
of house and mast having been completed, a set of spark apparatus 
was installed. This first installation has, however, been greatly altered 
since, and is therefore not described here. 

The mast serves to support the antenna, which originally took the 
form of an inverted fan, consisting of 8 wires connected at the top 


Fic. 2.—Plane of Antennz and Antennze-stays, showing position of Anchors 
on the Foreshore. 


and about бо ft. from the ground, spread at equal distances between 
two smaller masts, 150 ft. apart. The wires were connected to the 
inlet insulators on the roof, 4 wires meeting at each of the 2 inlcts. 
The present antennze are made in the umbrella shape (Fig. 2). Eight 
wires are suspended between the top of the pole and 8 iron posts, 
arranged on the rocks and on land at nearly equal distances apart, in 
a circle round the pole. The upper 160 ft. of each wire forms part 
of the antennæ, and is separated by a long insulator of hard rubber 
from the rest of the wire, which only serves asa stay. The lower ends 
of the 8 antennz wires are connected by an octagonal boundary wire. 
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At the top of the mast 4 wires come together on each side, and 
are there joined to 2 copper cables, which run down to the leading-in 
insulators on the roof. Тһе two half parts are suspended from the top 
of the mast by means of a series of porcelain insulators, and similar 
insulators are used to cut the guys into short lengths. Тһе insulators 
are constructed so that the wires are looped into each other through 
the insulators, and in case an insulator breaks the wires will remain in 
position. The antenna are made of 7-stranded, silicium-bronze wire, 
strand No. 20. 

The earth connection consists of 70 copper wires of about 2 mm. 
diameter, laid about 6 in. under the surface, and spreading from the 
centre of the cabin in all directions like the spokes of a wheel. The 
average length of the earth wires is 130 ft. The interior of the cabin 
is divided into four rooms, of which three are occupied by the spark 
apparatus. 

The enginc-room contains а motor-generator and the necessary 
regulating apparatus. The town supply at 480 volts is used. Тһе speed 
of the motor can be regulated by field resistance from 1,800 to 2,400 
revs. per minute, and the motor started automatically by a motor starter 
of the “Igranic” type, which is controlled from the operating-room. 
The dynamo is a single-phase alternator, which gives go to 120 cycles 
according to the number of revolutions. By field regulation the voltage 
can be altered from 300 to боо volts. To protect the dynamo from 
high-frequency induction, the cables pass through choking coils with 
spark arresters before they enter the operating-room, where the 
telegraph key and a variable reactance arc inserted in the circuit, 
which is completed іп the third room—the spark-room—through the 
primary winding of a dry transformer. Тһе secondary of the trans- 
former is connected to the spark-gap, across which is shunted a battery 
of Leyden jars and a self-induction helix, forming the closed oscillating 
circuit ; the antennae and the earth connections are taken off from two 
points of the same helix, thus forming a so-called galvanic or direct 
coupling. Аз the fundamental wave-length of the antennz (i.e., the 
wave-length obtained when the antennze are connected direct to earth 
through the spark-gap) is 800 metres, and the normal working wave is 
боо metres, the antennze are “ shortened" by an inserted small battery 
of Leyden jars. Over these jars the antennze are “interrupted” by ап 
anchor spark-gap, which ordinarily leaves the antennze disconnected 
from the sender, but during sending is bridged across by a spark. 

As already mentioned, the operating-room contains the telegraph 
key, which is installed on the table beside the receiver, and also the 
ammeter and voltmeter for the power circuit. 

A branch of the antennz comes into the operating-room to a switch, 
by which it can be joined through a self-inductance and a condenser to 
earth. This apparatus forms the receiving circuit, which can be tuned by 
varying the capacity and the self-inductance (Fig. 3). Тһе condenser 
consists of a set of semicircular plates, which can be turned in and out 
in the spaces between a set of similar fixed plates, whereby the capacity 
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can be altered. The helix has тоо turns of thick insulated copper wire 
about r mm. in diameter, and terminals at different places, arranged so 
that a number of turns in steps of five can be branched off. If self- 
inductance and capacity are arranged in series with the antennze and 
earth, the receiver сап be tuned to wave-lengths from 300 to 1,000 
metres, and when the condenser is shunted across the inductance, to 
wave-lengths of between 800 and 2,500 metres. 

Inductively coupled to the tuning helix is another coil, the ends of 
which are connected to the detector, in this case a De Forest electro- 
lytic cell, by means of which the received energy is transformed into 
audible signals composed of long and short sounds in a telephone. 

Ordinarily the operator on duty is constantly listening in this tele- 
phone, and on 600 metres wave-length. A ship intending to com- 
municate with the station will send a call-signal with the names (in 
code) of the called and the calling station. To reply, the operator 
breaks the antennze switch, which in its other position closes the 
circuit to the control relay of the motor starter, the motor starts, and 
іп ro seconds the transmitter is ready for making the reply. When 
this has been done, the antennz are switched over again, the motor 
stops, and receiving conditions are immediately re-established. In this 
way the communication is kept up between ship and shore station as 
long as working requires. 

It will be readily understood that the described arrangements 
could be modified in several ways. Іп short-distance work, for 
instance, a spark coil might be employed instead of motor-generator 
and transformer. Further, the sender could be arranged with a 
single open circuit or with inductive, instead of galvanic coupling, 
and likewise the receiver, where also special hooking devices may be 
used for the various forms of detectors. But the systems are all able 
to intercommunicate, and a common feature in all of them is that the 
waves are damped and interrupted. 

It was mentioned above that the maximum effect from a certain 
sender had a corresponding “tuning” in the receiver, but the effect 
can be obtained on both sides of the maximum over a certain range ; 
the smaller this is, the sharper the tuning is said to be, and the degree 
of sharpness depends on the damping. 

A curve giving the relation between amplitude and wave-length is 
called a “resonance curve,” and is for damped oscillations a rather 
flat curve, while undamped oscillations will give a curve with a high, 
sharply marked peak. This can be proved theoretically, and some of 
the obvious advantages which could be obtained by applying undamped 
oscillations for radio-telegraphy were described by several writers long 
before it had been discovered how to generate such oscillations, and 
naturally several workers were trying to solve the problem. Duddell 
was the first to succeed in this. When working on research on the 
speaking arc, he noticed that an electric arc burning between two 
solid carbons in atmospheric air, when shunted by capacity and self- 
induction of suitable values, would give out a musical note. The 
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frequency was determined by that natural to the circuit, and notes 
of frequencies between 2,000 and 10,000 were obtained. Higher 
frequencies up to 40,000 were reached in later researches, but the 
energy obtained was very small, and the frequencies lower than those 
applicable to radio-telegraphy ; until the Danish engineer, Valdemar 
Poulsen, discovered that an arc between carbon-copper electrodes, 
placed in an atmosphere of or containing hydrogen gas and in a 
magnetic field, would give powerful oscillations up to frequencies of 
about one million and a half. Тһе fact сап be explained by the steep- 
ness of the characteristic curve of an electric arc, this steepness being 
increased by placing the arc in hydrogen, but a full outline of the 
principles involved would go beyond the scope of this paper. 

Immediately after his discovery Mr. Poulsen started experiments on 
radio-telegraphy, and in a short time the Poulsen system was developed 
so far that the construction of complete apparatus for practical use 
could be started (Fig. 4). In November, 1906, a receiver of the Poulsen 
type was installed at the Cullercoats station, and at the first test signals 
were received from the Danish stations, Lyngby and Esbjerg, over dis- 
tances of about 400 and 600 miles respectively. Early in 1907 an 
experimental arc was set up in Cullercoats, and very satisfactory 
results were obtained, considering the energy and the small antennae 
then used. In 1908 the antennz at Lyngby and Cullercoats were 
extended, and the stations equipped with generators of up-to-date 
design, and since then perfect working has bcen obtained at all times 
between the three stations. 

It was mentioned above that the cabin at Cullercoats had four 
rooms, and the installations in three of them have been described. 
The fourth is occupied by the complete Poulsen installation, consisting 
of the two essential parts, sender and receiver. 

The sender comprises the generator, the oscillatory circuit with 
capacity and sclf-induction, antennz, and earth. As the oscillatory 
tension betwcen the condenser plates is much smaller in a Poulsen arc 
sender than in a spark sender, it is possible to use condensers with air 
or oil dielectric of the design mentioned above, one advantage of which 
is that the capacity of the sender is readily altered, and as the distance 
between the plates only needs to be a few millimetres, the condensers 
occupy considerably less room than a battery of Leyden jars. Тһе 
sending circuit or circuits can of course Бе arranged in exactly similar 
hooking devices to those of a spark sender, the arc taking the place 
of the spark-gap. 

The generator is built in the following way : On an iron footplate 
are mounted two vertical iron cores, round which the magnetic field 
coils are placed. Above the coils an air-tight double-walled box is 
placed between the cores, and horizontal pole-pieces pass through the 
box on each side, an air space being left between them. The arc 
electrodes are passed through the end walls of the box, but are insu- 
lated from it, and are placed so that the arc is burning between the 
magnet poles. The copper electrode is in a fixed position, while the 
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carbon holder can be moved to and fro bya screw for adjusting the arc 
length, rotated by a small motor through a wormgear. Outside the 
box the electrodes end in metallic plates with radiators for air cooling. 
From a sight-feeder (such as is used for oil in gas engines) methylated 
spirit is dropped into the arc, and by its decomposition generates the 
necessary hydrogen atmosphere. 

The direct-current supply passes from the switch through a variable 
resistance, the magnetic field windings, and two air-cored choking 
coils, to prevent oscillations in the mains, to the arc electrodes. 

The signalling is effected by letting the telegraph key short-circuit 
a part of the self-induction in the circuit, so that the arc is oscillating 
during the whole period of working, but two different waves are 
radiated, corresponding to marking and spacing. 

It will be understood that as long as the key is pressed the trans- 
mitter generates a persistent train of constant oscillations, and conse- 
quently nothing would be heard in an ordinary receiver for audible 
signals. To produce sound it is necessary to cut the oscillations up in 
groups, occurring with a frequency which can be heard. So far this 
cutting up could be effected in the sender or the receiver at will. 

By the * ticker," a very ingenious arrangement of Mr. Poulsen's, it 
is possible to employ this method advantageously in the receiver. 

The Poulsen *ticker-telephone" receiver consists of a primary 
circuit (the ordinary antennz-earth circuit, with necessary self-induct- 
ance and capacity for tuning), which is in inductive and extremely 
loose coupling with a secondary closed circuit, composed of self- 
inductance and capacity. Across the secondary condenser 15 placed 
through an intermittent contact (the “ ticker") a condenser of large 
capacity (in comparison with the condenser in the circuit), and across 
this condenser is placed a telephone. 

The action is as follows: If the “ticker” contact is broken the 
secondary circuit is quite free—that is to say, no energy is taken from 
the circuit, and if sct in oscillation from a sender through the primary, 
the secondary circuit will accumulate energy by integrating the 
impulses ; after a certain time the ticker-contact is closed, the circuits 
thrown out of resonance, and the secondary gives up the energy to the 
“block-condenser,” which again discharges through the telephone ; 
then the “ticker” closes again, and the process is repeated as long as 
energy is forthcoming from the sender and of the proper frequency. 
In this way the signal is marked in the telephone by a ticking noise, 
from which the apparatus is named. 

It will be seen that this method allows a considerable amount of 
energy to be given off in the receiver at one time, although only oscil- 
lations of very small amplitude are created in the sender, while at the 
same time it requiresand makes use of the sharpness of tuning obtained 
by undamped waves. 

Detectors can be used without the “ticker” for printing arrangements. 
A specially sensitive type is the photographic printer, in which the 
feeble direct current obtained from the detector is passed through the 
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fine wire in ап Edelmann thread galvanomcter. The wire moves іп 
front of a slot, and through a microscope the slot is photographed, 
with the moving shadow of the wire, on a strip of sensitive paper. As 
the mass of the wire is extremely small the speed is nearly unlimited, 
as long as energy enough is obtained to give a visible movement. In 
this way messages have been received in Lyngby from Esbjerg at a 
rate of 300 words a minute, and at Cullercoats from Lyngby up to 
IOO words a minute. 

Before concluding it should be mentioned that another important 
application of the undamped waves is to the science of radio-telephony. 
If a microphone is inserted in the sender the energy radiated can be 
varied in accordance with the tones of the voice, and by using a quan- 
titative detector in the receiver combined with a telephone, the varying 
impressions will reproduce the voice. In this way it has bcen possible 
to transmit sound as far as between Berlin and Copenhagen, a distance 
of 260 miles, mostly over land. 

A comparison between the arc and spark systems will certainly 
show the advantage of the arc system, which is bound in time to 
supersede the other method. 
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Proceedings of the Thirty-seventh Annual General 
Meeting of the Institution of Electrical Engi- 
neers, held in the Rooms of the Royal Society 
of Arts, John Street, Adelphi, W.C., on Thurs- 
day, Мау 20, 1909 — Mr. W. M. MoORDEYy, 
President, in the chair. 


The minutes of the Ordinary General Meeting held on May 1з, 
1909, were taken as read and confirmed. 


The following list of transfers was announced as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associates to that of Associate Members :— 
James William Burr. 


From the class of Students to that of Associate Members :— 
William Ноје! Charters Coates. 


Messrs. С. W. Fourniss and H. W. Irvine were appointed scrutincers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 
As Members. 


Philip Denis Ionides. Walter Ambrose Pearson. 
Arthur Grotjan Marshall. | Wilfrid L. Spence. 


А; Associate Members. 
James Dubbin. 


john Lloyd Duus. 
Alfred Walker Empson. 


Robert Douglas Archibald. 
Charles Beech. 
William Henry Brownjohn. 


Bernard E. Bumpus. Maurice FitzGerald. 
Walter Edward Butcher. Joseph Augustine Forde. 
Edward Lionel Castle. Albert George Fox. 
Hugh Samuel Davidson. James Graham. 


Thomas Hubert Dennis. Arthur Emanuel Harrison. 
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As Associate Members —contlinued. 


William Vernon Haslam. 
William Hockley. | 
William Jamieson. | 
Ernest Lefeaux. | 
Ernest George Lunn. 

Clifford Edward May. 

Thomas May. 

Geo. Clement Milnes. 

Einar Myhre. 

Richard Edward Parnham. 
Fred. William Peasnell. 

Albert Edward A. Ridgway. 
Percy Malcolm Robinson. 


John Aitken Shaw. 

Walter Tom Smith. 

Henry J. F. Stewart. 

Rupert Stockbridge. 

Tom Percival Strickland. 

Charles William Thompson. 

James Stuart Thomson. 

Tom Ellery Turner. 

Horace Septimus Walker. 

William Robert Warren. 

Hugh Lawrance Williams, 
B.A. 

Ссо. Macdonald Wise. 


45 Associates. 


William Murray. 
Robert Robertson. 


Herbert Charles Stoddart. 
Harvey Richard Todman. 


As Students. 


Herbert Maxwell Browne. 
William Kenneth Burke. 
Charles Melsome-Smith. 
Nanigopal Mukerjee. 
Reginald Henry Rinaldi. 


Acton Edward Sapey. 
Walter Howard Shaw. 
William Herbert Walton. 
Trevor Montfort Wheeler. 
Edgar Whitchouse. 
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REPORT OF THE COUNCIL FOR PRESENTATION TO THE 
ANNUAL GENERAL MEETING OF MAY 20, 1909. 


At this, the thirty-seventh Annual General Meeting of the Institution 
of Electrical Engineers, the Council present to the Members their 
Report for the Session 1908-9. 


GROWTH OF THE INSTITUTION. 


Since the date of the last Annual General Meeting, 421 proposals for 
election have been considered, and there have been elected 17 Members, 
167 Associate Members, 17 Associates, and 206 Students. 

To the class of Members there have been transferred 37 Associate 
Members and 8 Associates, to the class of Associate Members there 
have been transferred 26 Associates and 116 Students, and to the class 
of Associates there has been transferred 1 Student. 

The change in the List of Members during the past twelve months 
is shown in the following table :— 


Honorary Members ... ЕР 5 7 | 
Members us ine 55% 1,093 1,142 
Associate Members ... РР 2,182 2,387 
Associates sss sih Қз 1,136 1,042 
Students 4% uuu. Ses: 1,543 1,432 
Foreign Members ... Ө» 109 107 

Total Би: T 6,068 6,117 | 


During the Session under review, the Council have elected as 
Honorary Members, Mr. Oliver Heaviside, F.R.S., and the Hon. Charles 
А. Parsons, C.B., F.R.S. 

Honours have been conferred upon several members of the Insti- 
tution. Sir Henry H. Cunynghame has been created a Knight Com- 
mander of the Order of the Bath, and Knighthoods have been 
conferred on Sir Robert Hadfield (who has also been elected a Fellow 
of the Royal Society), and Professor Sir Joseph John Thomson, M.A., 
F.R.S. 

MEMBERS DECEASED. 


It is with deep regret that the Council have to record the death, on 
November 9, 1908, of Professor W. E. Ayrton, F.R.S., who held the 
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office of President in 1892, and at all times took an active part in the 
affairs of the Institution, with which he had been connected since 1872. 

Other well-known members who have died during the last twelve 
months are The Rt. Hon. Lord Blythswood, F.R.S., Mr. E. ). Bristow 
(Honorary Solicitor), Monsieur Mascart (Honorary Member), Herr Emil 
Naglo (Member since 1872), Мг. C. Н. Reynolds, C.I.E. (Member since 
1872). 

Biographical notices of members deceased will be found published 
іп the F¥ournal., 

The complete list of those who have died during the past Session 
is as follows :— 

Honorary Member. 
E. Mascart. 


Members. 
Professor W. E. Ayrton, F.R.S. F. A. C. Perrinc. 
E. J. Bristow. R. Portelli. 
W. P. J. Fawcus. C. H. Reynolds, C.I.E. 
Emil Naglo. N. Rheam. 


Douglas L. Wells. 


Associale Members. 


Alexander Adams. C. G. Hampson. 
Raymond Correa. А. C. Hanson. 
T. P. K. Hammarskjold. H. T. Hincks. 
W. W. Strode. 
Associates. 
Lord Blythswood, F.R.S. R. Lewis. 
L. L. Hartvigson. J. Sheppard. 
F. J. Lamb. W. Teale. 
A. R. Walker. 
Students. 
Е. Collins. | К. Htu. 
E. W. Heathcote. Е. Warnant. 
RESIGNATIONS. 


5 Members, 16 Associate Members, 31 Associates, and 57 Students 
have resigned since the date of the last Annual Report. 


MEETINGS AND PAPERS. 


During the past Session 16 General Meetings and 21 Council Meet- 
ings have been held. The usual standing Committees have met 
regularly throughout the Session, and several Occasional Committees 
appointed by the Council for the consideration of special matters 
coming before them have also met, the total number of Committee 
Meetings held during the Scssion being 95. 

There have been 45 meetings of Local Sections, namely, at Bir- 
mingham 7, at Dublin 7, at Glasgow 7, at Leeds 6, at Manchester 11, 
and at Newcastle 7. 
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Annual Dinners and other social functions were held at Birmingham, 
Dublin, Glasgow, Leeds, Manchester, and Newcastle, which were well 
attended by members and guests. Members of Council also availed 
themselves of the opportunities thus afforded of meeting the members 
resident in the Provinces. 

The new method for dealing with papers offered to the Institution, 
introduced at the beginning of the Session 1907-8, continues to work 
satisfactorily, and several papers of importance have been read in 
London and at meetings of Local Sections, which, under the former 
system, would have been read at one place only. 

It is hoped that members will avail themselves of the Fournal toa 
greater extent than in the past as a medium for the publication of short 
Notes ог Communications—not necessarily for reading or discussion at 
meetings—on new discoveries, methods of testing, and similar matters. 

In November last Mr. W. Tatlow resigned the office of Honorary 
Secretary of the Dublin Local Section, an office which he had held 
since 1902. The Council desire to express their appreciation of Mr. 
Tatlow's services to the Institution, and particularly to the Dublin 
Local Section. The new Honorary Secretary is Mr. Thomas Tomlinson. 

The following is the list of papers for the session, with the names 
of the authors and the places at which they were read :— 


TITLE. 


Tramway Manager's 
Point of View. 


AUTHOR. 


Member, 


WHERE READ. 


Inaugural Address of President. W. М. MORDEY, London. 
President. 

Chairman's Address. G. Е. PiLDITCH, Dublin. 
Chairman. 

Chairman's Address. W. МУ. LACKIE, Glasgow. 
Chairman. 

Chairman's Address. H. E. YERBURY, Leeds. 
Chairman. 

Chairman’s Address. MILES WALKER, Manchester. 

| Chairman. 
· Chairman's Address. А. L. E. DRUMMOND, Newcastle. 
Chairman. 

“Тһе Use of Large Gas L. ANDREWS, Mem- London, Dublin, 
Engines for Generating ber, and К. and Manchester. 
Power." PORTER, Associate 

Member. 

“ Some Considerations on the F. G. C. BALDWIN, Birmingham. 
Manipulation of Dry-core Associate Member. 

Telephone Cables." 

"Plans and Records for J. W. BEAUCHAMP, Sheffield. 
Electrical Distribution Associate Member. 

Systeris." 

“ Description of the Electro- W. А. CLATWORTHY, Newcastle. 
hydraulic Pumping Plants Member. 
at the Bristol Docks.” 

“Тһе ‘С.В’ System from a STANLEY CLEGG, 


London and Leeds 


1909.] 


ТІТІ.Е. 

“Оп a Method of using Trans- 
formers as Choking Coils, 
and its Application to 
the Testing of Alterna- 
tors." 

“ Domestic Electricity Supply 
(including Heating and 
Cooking) as Affected by 
Tariffs.” 

* "The Electric Discharge and 


Production of Nitric 
Acid." 

" Electric Traction Vagabond 
Currents.” 


“ Transformers ; some Theo- 
retical and Practical Con- 
siderations.” 


" Railway Signalling.” 


“The Theory and Application 
of Motor Converters.” 
“Interpole Designs.” 


“ Practical Considerations in 
the Selection of Turbo- 
alternators.” 

“ Early Experiments in Elec- 
tric Traction.” 

“ Electric Street Lighting." 


“ Kapp-Hopkinson Test on 
a Single Direct-current 
Machine." 

" Output and Economy Limits 
of Dynamo Electric Ma- 
chinery." 


* Some Tests and Uses of 
Condensers.” 

“ The Electrification of Steam- 
driven  Non-reversing 
Rolling Mills.” 

“ Flywheel Load Equaliser.” 

“Economics of Medium-sized 
Power Stations. A Study 
of Comparisons between 
Steam, Gas, and Oil 
Engines.” 


REPORT 


OF THE COUNCIL. 


AUTHOR. 
J. D. Сол!і.Е5, Asso- 
ciate Member. 


W. В. 
Member. 


COOPER, 


W. CRAMP, Member, 
and B. HOYLE, 
Student. 

J. С. CUNLIFFE and 
R. G. CUNLIFFE, 
Students." 

A. P. M. FLEMING 
and К. M. Елүк- 
HANSEN, Associate 
Members. 

Capt. A. GARDINER, 
R.E., Associate. 

H. S. HALLO. 


W. B. Нікр, Mem- 
ber. 

Dr. M. KLoss, Mem- 
ber. 


W. У. 
Member. 

W. Е. Lona, Associ- 
ate Member. 

W. LULOFs. 


LACKIE, 


J. С. MACFARLANE, 
Member, and H. 
BURGE, Associate 
Member. 

W. M. MOoRDEY, 

President. 

W. Е. MYLAN, As- 

sociate Member. 


J. S. PECK, Member. 
А. |. J. PFEIFFER, 
Member. 
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WHERE READ. 
Birmingham. 


London, Dublin, 
and Glasgow. 


London and Man- 
chester. 


Manchester. 


Manchester. 


Leeds. 
London. 
Glasgow. 


Manchester апа 
Birmingham. 


Glasgow. 
Cape Town. 


Birmingham. 


London. 


London. 


Leeds. 


Manchester. 
London. 
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TITLE. 

“ The Electrical System of the 
London County Council 
Tramways." 

" Commercial Electric Heat- 
ing." 

“ Electricity Works and Refuse 
Destructors.” 

“ Parallel Working of Alter- 
nators." 

“Working of Electrical Plants 
in Coal Mines.” 

“Тһе Testing of Alternators.” 

“Тһе Radiotelegraphic Station 
at Cullercoats." 

“ Researches on the Magnetic 
Properties of a Series of 
Carbon Tungsten Steels.” 

“Extending the Limits of 
Power Transmission. 

"Improvement of Power Fac- 
tor in Alternating-current 
Systems.” 

“The Di-electric Strength of 
Compressed Air." 


AUTHOR. 


J. H. RIDER, Member. 


J. ROBERTS. 


J. А. ROBERTSON, 
Member. 

Dr. E. ROSENBERG, 
Member. 

S. A. Simon, Associ- 
ate Member. 

S. P. SMITH. 

A. SORENSEN. 


T. SWINDEN. 


A. M. TAYLOR, Mem- 
ber. 

MILES WALKER, 
Member. 


E. A. WATSON, 
Student. 


(Мау 20th, 


WHERE READ. 
London and Dub- 
lin. 


London. 


Glasgow and Dub- 
lin. 

London and Man- 
chester. 

Glasgow. 


Birmingham. 
Newcastle. 


Sheffield. 


Birmingham. 


Manchester and 
Birmingham. 


London. 


In addition to the above-mentioned papers read at meetings the 
following have been accepted for printing in the Fournal:— 


ORIGINAL COMMUNICATIONS. 


TITLE. 


AUTHOR. 


“ Magnetic Reluctance of Joints in Transformer 
Iron." 

"The German Standards and Regulations for 
Electrical Machinery." 

“ Experimental Analysis of Armature Reaction.” 

“Тһе Measurement of the Insulation Resistance 
of a Live Three-wire System." 


"On the Measurement of Large Inductances 
containing Iron." 


^ [Investigations on the Electrical State of the 
Upper Atmosphere." 


" Non-inductive, Water-cooled Standard Resist- 
ances for Precision Alternating-current 
Measurements." 


Dr. Н. BOHLE, Member. 
М. C. BRIDGE. 


Dr. С. КАРР, Member. 

Dr. С. КАРР, Member, 
and J. D. Coates, 
Associate Member. 

Sir OLIVER LoDGE, F.R.S., 
Member, and B.DavikEs, 
Associate Member. 

W. E. MAKOWER, E. 
MARSDEN, and MAR- 
GARET WHITE. 

С. С. PATERSON and E. 

Н. RAYNER, Associate 
Members. 
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SCHOLARSHIPS. 


The Council have awarded a Salomons Scholarship, value £50, to 
Mr. ]онх MOULD, of the Finsbury Technical College, London ; and a 
David Hughes Scholarship, value £50, to Mr. HERBERT MAXWELL 
Browne, of King's College, London. 

Satisfactory reports on the work of last year's scholars, Messrs. 
H. Carnegie, C. Higgins, and A. Hutt, have been received from the 
Professors under whom they are working, Mr. Carnegie at the Karlsruhe 
Technical High School, and Messrs. Higgins and Hutt at the Central 
Technical College. 


ANNUAL PREMIUMS. 


The following premiums for papers and communications have been 
awarded by the Council this year. In accordance with precedent, in 
deciding upon these awards the Council have not taken into account 
papers contributed by members at present holding office on the Council. 


The INSTITUTION PREMIUM, value £25, 


to Mr. J. H. RIDER (Member), for his paper оп “Тһе Electrical System 
of the London County Council Tramways." 


The Paris ELECTRICAL EXHIBITION PREMIUM, value £10, 


to Messrs. L. ANDREWS (Member) and К. PORTER (Associate Member), 
for their paper on “The Use of -Large Gas Engines for Generating 
Power.” 

An Ехтва PREMIUM, value £10, 
to Messrs. W. CRAMP (Member) апа В. НоугЕ (Student), for their 
paper on “ The Electric Discharge and Production of Nitric Acid.” 

An EXTRA PREMIUM, value £10, 
to Mr. T. SWINDEN, for his paper “ Researches on the Magnetic Pro- 
perties of a Series of Carbon Tungsten Steels.” 

An Ехтка PREMIUM, value £10, 
to Mr. E. A. Watson (Student), for his paper on “The Di-electric 
Strength of Compressed Air." 

Ап ExTRA PREMIUM, value £5, 


to Mr. H. S. HALLO, for his paper on “Тһе Theory and Application of 
Motor Converters." 


An EXTRA PREMIUM, value £s, 
to Messrs. J. С. MACFARLANE (Member) апа Н. BuncE (Associate Mem- 
ber), for their paper on “Output and Economy Limits of Dynamo 
Electric Machinery.” 

An EXTRA PREMIUM, value £5, 
to Mr. Ј. S, Реск (Member) for his paper “ Fly Wheel Load Equalisers.” 
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AN ORIGINAL COMMUNICATION PREMIUM, value £10, 


to Messrs. C. С. PATERSON and E. Н. RAYNER (Associate Members), for 
_ their communication “ Non-inductive, Water-cooled Standard Resist- 
ances for precision Alternating Current Measurements.” 


STUDENTS PREMIUMS, 


A First Student's Premium, value £10, to Messrs. B. E. STOTT and J. 
HARGROVE (Manchester), for their paper “Тһе Design of Small 
Direct Current Machines.” 


A Second Student's Premium, value £5, to Mr. L. Н. A. Carr (Мап- 
chester), for his paper “ Notes on the Elimination of Sparking.” 


Three Extra Students’ Premiums, each of the value of £5, to Mr. Р. С. 
JoxEs (Manchester), for his paper on “Тһе Single-phase Railway" ; 
to Mr. W. S. LonsDALE (Singapore), for his paper оп “Тһе Direct 
Current Variable Speed Motor and its Application to Modern 
Machine Tools”; to Mr. C. S. Кіснакрв (Manchester), for his 
paper on “Тһе Utilisation of Exhaust Steam for Electric Driving." 


WILLANS PREMIUM. 


In conjunction with the Institution of Mechanical Engineers, а gold 
medal has been designed for presentation to those recipients of the 
Willans Premium who may prefer toreceive theaward inthisform. One 
side of this medal bears a portrait head of the late Mr. Peter William 
Willans ; on the other side is an allegorical figure, the names of the two 
Institutions being inscribed, together with the name of the recipicnt 
and the year of the award. Bronze replicas have been presented to 
Mr. Mark Robinson and to Mr. P. V. McMahon, to whom the Council 
awarded the Willans Premium in 1897 and in 1904 respectively. 


STUDENTS SECTION. 


At the opening meeting of their session an address to the students 
was delivered by Mr. ]. S. Highfield оп the subject of “Тһе Responsi- 
bility of the Engineer." 

Ten meetings altogether of the Students’ Section have been held in 
the Library of the Institution, at which nine papers have been read 
and discussed. The Students’ Committee organised a visit to Newcastle- 
on-Tyne in the summer of 1908, where they visited the following works 
and places of interest: Messrs. Armstrong, Whitworth & Co., Elswick ; 
Messrs. Hawthorn, Leslie & Co. ; Messrs. J. Н. Holmes & Co. ; the 
Newcastle-on- Tyne Electric Supply Company ; the Consett Iron Works ; 
Messrs. Swan, Hunter, and Wigham Richardson (shipyard) ; Messrs, 
Ernest Scott and Mountain, Ltd.; Messrs, Clark, Chapman & Со.; 
Midland Railway, Derby ; and the Hordern Collieries. The party was 
everywhere most kindly and hospitably received. 

The Annual Dinner of the Students' Section, held on February 24th, 
was well attended. 

The Glasgow and Manchester Branches of the Students Section 
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have also completed а successful session, having held eight meetings 
and nine meetings respectively. Visits to various works were also 
organised by kind permission of the firms concerned. 

The Students’ Committees and their Honorary Secretaries are to 
be congratulated on the success of Students' Meetings and Visits. 

The list of students' papers for which premiums have been awarded 
is given above. 

SECRETARYSHIP. 


In November last Mr. G. C. Lloyd resigned the Secretary- 
ship, to take up the position of Secretary to the Iron and Steel 
Institute, in whose service he had been engaged for several years 
before being appointed by this Institution. The Council, in accepting 
the resignation, placed on record their appreciation of the valuable 
services rendered by Mr. Lloyd during his five years’ tenure of office. 

In response to advertisements, many applications for the position 
were received. These were carefully considered, and several candi- 
dates, whose qualifications appeared to meet the requirements, were 
interviewed. The Council appointed Mr. P. F. Rowell, who had been 
a member of the Secretary's staff since 1901, and had held for the last 
five years the position of Assistant Secretary. 


THE INSTITUTION BUILDING. 


On June 30, 1908, a Special General Mecting * of Members, Associate 
Members, and Associates authorised the purchase, for a sum of £50,000, 
of the lease of the site and the building on the Victoria Embankment 
belonging to, and in the possession of, the Royal College of Physicians 
and the Royal College of Surgeons. 

It is sufficient to state here that the building occupies a site more 
than 20,000 square feet in area and is held оп a lease, with seventy-five 
years unexpired from June 1909, at an annual ground rent of £2,201. 
The Council have entered into an agreement to complcte the purchase 
by June 1, 1909. 

For the present, the Institution will occupy the whole of the ground 
floor and a large portion of the first floor, which will form a Library, 
of nearly 3,000 square fect, facing the river. It is proposed to enlarge 
and improve the Entrance Hall and the Lecture Theatre. The remaining 
portion of the building has been let for three years to the present 
owners, the Royal Colleges of Physicians and Surgeons. И is expected 
that the Institution will be transferred to the new building in the 
autumn, and that the enlarged Theatre will be available carly in 1910. 


t SCIENCE ABSTRACTS." 


This publication is progressing satisfactorily. Тһе volumes for 
1908 were of nearly the same size as those for 1907, and the arrange- 
ments for ensuring the prompt publication of abstracts of scientific 
and technical articles have worked well. 


* Fournal, vol. 41, p. 851 (1908). 
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THE BRITISH ELECTROTECHNICAL COMMITTEE. 


The British Committee for 1909 is constituted as follows :— 


Colonel R. E. Crompton, C.B. Sir William Н. Preece, К.С.В., 
Mr. W. Duddell, F.R.S. F.R.S. 
Mr. Kenelm Edgcumbe. The Rt. Hon. Lord Rayleigh, O.M., 
Sir John Gavey, C.B. (0 FRS. 


Dr. R. T. Glazebrook, F.R.S. 
Mr. Robert Kaye Gray. 

Mr. Robert Hammond. 

Colonel H. C. L. Holden, F.R.S. 
Dr. Gisbert Kapp. 


Captain H. R. Sankey, R.E. (ret.). 
Mr. Alexander Siemens. 

Mr. C. P. Sparks. 

Mr. J. Swinburne, F.R.S. 

Dr. S. P. Thompson, F.R.S. 


| 
i 
1 
і 
| 


Mr. T. Mather, F.R.S. Mr. A. P. Trotter. 
Mr. H. W. Miller. Mr. E. B. Vignoles. 
Mr. W. M. Mordey. Mr. C. H. Wordingham. 


Mr. C. le Maistre (Secretary). 


Since the last report the British Electrotechnical Committee and 
the Sub-Committees on Nomenclature, Symbols, and the International 
Unit of Light have held eight meetings. The list of terms with 
explanations under preparation by the Sub-Committee оп Nomen- 
clature has now been completed as far as the letter E, and it will 
shortly be circulated to the various Committees abroad. The Sub- 
Committee on Symbols have only held one meeting, on account of 
the absence of the Chairman, Lord Rayleigh. 

The British Committee have forwarded to the Central Offices a 
proposal with regard to an International Unit of Light, and the matter 
is now before the several Electrotechnical Committees. 

At the Council meeting of the International Electrotechnical 
Commission, in October, 1908, the British delegates were Sir John 
Gavey, C.B., and Dr. S. P. Thompson, F.R.S. Ап address of welcome 
was given by the Right Hon. A. J. Balfour, M.P., and subsequently 
Professor Elihu Thomson was elected President in succession to 
the late Lord Kelvin, and Colonel R. E. Crompton, C.B., was re- 
elected Hon. Secretary. 


WiRING RULES. 


A new edition of the Wiring Rules is in course of preparation. 
This will contain certain modifications to meet the new Regulations 
of the Home Office, and provision will be made to sanction certain less 
expensive methods of wiring and to extend the Rules for work at very 
low pressures. It is hoped to issue this revised edition before the end 
of the ycar. 


PROFESSIONAL CONDUCT. 


The Council have under consideration the issue of a statement 
on the subject of professional conduct, a matter which has recently 
engaged the attention of the Institution of Civil Engineers, | 
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EXAMINATIONS FOR ASSOCIATE MEMBERSHIP. 


The Council are considering the question of requiring candidates 
for Associate Membership to pass a qualifying examination. 


BUILDING FUND. 


The attention of members generally is called to this Fund. The 
Council express the hope that there will be a large increase in the 
number of contributors, and they wish to point out the importance, in 
the aggregate, of even small annual subscriptions. 


BENEVOLENT FUND. 


The Committce of Management report that the Benevolent Fund 
of the Institution shows a satisfactory increase for the past year. On 
December 31, 1908, the capital account of the Fund stood at 
£3,000, as compared with £2,735 95. 114. at the end of 1907. The 
donations to the Fund in 1908 include one of £105 from Mr. W. B. 
Esson and another of £75 from the Committee of the Electrical 
Engineers’ Ball. The Council desire to acknowledge their indebted- 
ness to the generosity of these and other donors and subscribers who 
have supported the Fund. 

The Wilde Benevolent Trust Fund stands at £1,744 16s. Grants 
in aid have been made from the income of both Funds during 1908. 


ANNUAL ACCOUNTS. 


The Report of Mr. Robert Hammond, the Hon. Treasurer, shows 
that the balance carried to the General Fund at the end of 1908, being 
excess of income over expenditure, was £3,253 95. 3d., as compared 
with £3,678 gs. 2d. for 1907, showing a decrease of £424 195. II. 

The transfers to the Building Fund during the year 1908 included а 
transfer of dividends amounting to £446 8$. ' 

Balance Sheet.—The balance sheet sets out the total investments 
other than the investments of the Trust Funds. It will be scen that 
the total assets amount to £51,552 11s. 1d., against which are to be set 
liabilities amounting to £1,064 19s. 54., leaving as the net assets of the 
Institution £50,487 11s. 8d. | | 

The investments іп stocks and shares included in the above appear 
іп the accounts at cost price with a book value of— 


Ж ѕ d 

Life Compositions  ... pas =: se 05,885 12 6 
Entrance Fees... ius vis soe .. 1,209 7 о 
Building Fund агг “is - ... 16,322 13 2 
General Fund ... A i € ... 3,338 14 5 
Kelvin Lecture Fund... egi ut fat 862 10 10 
£27,288 17 5 


and their value at the current market prices on April 29th was £24,720. 
VoL. 48. 61 
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Trust Funds.—No alteration has taken place in these three Funds 
during the year under consideration. 

Life Compositions.—This Fund still stands, as reported last year, at 
05,581 135. 

Entrance Fees Fund.—The Fund has increased during the year by 
£701 17s, but the total has been decreased by £3,719 125. 11d., 
transferred to the Building Fund. The total now stands at £1,437 6s. 7d. 

Building Fund.—It will be noticed that the Fund has increased 
during 1908 by the amount of £1,219 115. 2d., the increase being due 
to revenue from property, subscriptions, dividends on investments, and 
sundry other items. 

Out of the available balance of £1,335 3s. 3d., there has been 
invested during the year on account of this Fund— 


£ s. d. 
£700 Birmingham Corporation 3 per cent. 
Stock es ee сањ 526 ass 614 6 o 
£700 Bradford Corporation 3 per cent. 
Stock саз sss ва -— Қал 609 I о 
61,223 7 0 


General Fund.—This Fund has increased to the extent of 
£3,253 9s. 3d., and after deducting the transfer to Building Fund, now 
stands at £6,852 6s. да. The investments on account of this Fund 
during the year were as follows:— 


£ s 4 

£600 Belfast Corporation 3$ per cent. Stock 592 13 6 
{соо Bristol РР 34 " » 501 бо 
£500 Leicester __,, 34 5 ~ 503 16 о 
£1,597 15 6 


Summary.—The increases of the Funds during the year are as 
follows :— 


£ в. 4. 
Entrance Fees... 225 a P - 701 17 О 
Building Fund sn 455 қы ... 1,210 II 2 
General Fund ... m T is ... 3,253 9 3 


£5174 17 5 


MUSEUM. 


Several interesting pieces of apparatus have been added during the 
year. Тһе Institution is under а deep obligation to the Postmaster- 
General, who has kindly arranged that, in future, duplicates of speci- 
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mens of telegraphic and telephonic apparatus selected for the Post 
Office Museum shall be sent to the Institution Museum. The attention 
of members is called ta the desirability of reporting to the Institution 
the existence of any objects of historical interest connected with 
Electrical Science and Industry which may appear suitable for*inclusion 
in the Museum. 


LIBRARY. 


Early in 1008 the Council, under the advice of the Honorary 
Solicitors, considered the steps that should be taken for Ше appoint- 
ment of new Trustees for the Ronalds Library. The original 
Trustees, appointed in 1875, were Mr. S. Carter, Dr. E. Ronalds, 
Mr. ]. C. Carter, Mr. J. M. Fletcher, Sir William Thomson (Lord 
Kelvin) Mr. Latimer Clark, Mr. Charles William Siemens, F.R.S., 
D.C.L. (Sir William Siemens), and Major Frank Bolton (Sir Francis 
Bolton) At a mecting of the surviving Trustees, Mr. J. C. Carter 
and Mr. J. M. Fletcher, who continue to act, the following new 
Trustees were appointed : Colonel R. E. Crompton, C.B. (President), 
Dr. R. T. Glazebrook, F.R.S. (Past-President), Sir John Gavey, C.B. 
(Past-President), Mr. W. Duddell, F.R.S. (Chairman of Library Com. 
mittee), Mr. B. Ronalds and Mr. В. Carter (both great-nephews of 
the late Sir Francis Ronalds). 

The Council have now acquired 1,442 out of the 1,623 works which 
were reported to be wanting to complete the Institution's collection of 
electrotechnical literature. In addition to these the number of new 
books purchased since May 20, 1908, is 125, and 362 books and 
pamphlets have been presented by members, publishers, and kindred 
societies. The number of members who consult the Library continues 
to increase, the total number of readers during the past twelve months 
having been 903, of whom 41 were non-members, 


APPENDIX TO REPORT. 


TRANSACTIONS, PROCEEDINGS, ETC. RECEIVED BY THE 
INSTITUTION. 


BRITISH. 


British Association for the Advancement of Science, Reports. 
Cambridge Philosophical Society, Proceedings. 

Chartered Institute of Patent Agents, Transactions. 

Civil and Mechanical Engineers' Society, Transactions. 
Faraday Socicty, Transactions. 

Grecnwich Magnetical and Meteorological Observations. 


REPORT ОЕ THE COUNCIL. (Мау 20%, 


Illuminating Engineering Society, Transactions. 

Incorporated Municipal Electrical Association, Proceedings. 

Institute of Chemistry, Proceedings. 

Institute of Marine Engineers, Transactions. 

Institute of Metals, Journal. 

Institution of Civil Engineers, Proceedings. 

Institution of Engineers and Shipbuilders in Scotland, Transactions. 

Institution of Mechanical Engineers, Proceedings. 

Institution of Mining and Metallurgy, Transactions aud Bulletins. 

Institution of Naval Architects, Transactions. 

Institution of Post Office Electrical Engineers, Papers. 

Iron and Steel Institute, Journal. 

Liverpool Corporation Tramways, Annual Reports. 

Liverpool Engineering Society, Proceedings. 

Manchester Literary and Philosophical Society, Memoirs and Proceedings. 

National Physical Laboratory Reports. 

North-East Coast Institution of Engineers and Shipbuilders, Transactions. 

North of England Institute of Mining and Mechanical Engineers’ 
Transactions. 

Physical Society, Proceedings. 

Róntgen Society, Journal. 

Royal Dublin Society, Transactions and Proceedings. 

Royal Engineers' Institute, Proceedings. 

Royal Institution, Proceedings. 

Royal Meteorological Society, Quarterly Journal. 

Royal Scottish Society of Arts, Transactions and Journal. 

Royal Society, Philosophical Transactions and Proceedings. 

Royal Society of Arts, Journal. 

Royal Society of Edinburgh, Transactions and Proceedings. 

Royal United Service Institution, Journal. 

Society of Chemical Industry, Journal. 

Society of Engineers, Proceedings. 

Survcyors' Institution, Transactions and Professional Notes. 

Tramways and Light Railways’ Association, Official Circular. 


COLONIAL. 


Canadian Society of Civil Engineers, Transactions. 
Engineering Association of New South Wales, Proceedings. 
Engineering Society of Toronto, Transactions. 

Indian Telegraph Department, Administration Reports. 

Nova Scotia Institute of Science, Transactions and Proceedings. 
Royal Society of Queensland, Proceedings. 

Royal Society of Victoria, Proceedings. 

South Australia, Meteorological Observation Reports. 

Sydney University of Engineering, Proceedings. 
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AMERICAN. 


American Academy of Arts and Sciences, Proceedings. 

American Institute of Electrical Engineers, Transactions and Proceedings. 

American Electrochemical Society, Transactions. 

American Institute of Mining Engineers, Transactions and Bi-Monthly 
Bulletin. 

American Philosophical Society, Proceedings. 

American Society of Civil Engineers, Proceedings. 

American Society of Mechanical Engineers, Transactions and Рго- 
ceedings. 

Bureau of Standards, Washington, Bulletin. 

Engineers' Club of Philadelphia, Proceedings. 

Franklin Institute, Journal. 

Ordnance Department of the United States, Notes. 

Philadelphia Electrical Bureau, Annual Reports. 

Smithsonian Institution, Reports, Miscellaneous Collections and Contri- 
butions to Knowledge. 

U.S. Official Patent Gazette. 

Western Society of Engineers, Journal. 


AUSTRIAN. 


Kaiserliche Akademie der Wissenschaften, Wien, Sitzungsberichte. 


BELGIAN. 


Association des Ingénieurs Électriciens sortis de l'Institut Electro- 
technique Montefiore, Bulletin. 
Société Belge d'Electriciens, Bulletin. 


DUTCH. 


Koninklijk Institut van Ingenieurs, Tijdschrift. 
Koninklijke Akademie van Wetenschappen, Amsterdam, Proceedings. 


FRENCH. 


Académie des Sciences, Comptes Rendus Hebdomadaires des Séances. 
Bureau des Longitudes, Annuaire. 
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Société des Anciens Éléves des Écoles Nationales d'Arts et Metiers 
Bulletin Technologique. 
· Société des Ingénieurs Civils, Mémoires. 
Société Francaise de Physique, Bulletin des Séances. 
Société Internationale des Électriciens, Bulletin. 
Société Scientifique Industrielle de Marseille, Bulletin. 


GERMAN. 


Physikalische Technische Reichsanstalt, Abhandlungen. 
Schiffbautechnische Gesellschaft, Jahrbuch. . 
Verein Deutscher Ingenieure, Zeitschrift. 

Verein zur Befórderung des Gewerbfleisses, Verhandlungen. 


ITALIAN. 


Associazione Elettrotecnica Italiana, Atti. 
Reale Accademia dei Lincei, Atti e Memorie. 


SWEDISH. 
K. Svenska Vetenskaps-Akademien, Arkiv fór Matematik, etc. 


SWISS. 


Association Suisse des Electriciens, Annuaire. 


LIST OF PERIODICALS RECEIVED BY THE INSTITUTION. 


BRITISH. 


Automobile Owner. 
Cassier's Magazine. 
Central. 

Colliery Guardian. 
Electrical Bulletin. 
Electrical Engineer. 
Electrical Engineering. 
Electrical Industries. 
Electrical Magazine. 
Electrical Review. 
Electrical Times. 
Electrician. 
Electricity. 


. LJ | ом = 
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Electron. 

Engineer. 

Engineering. 

Engineering Magazine. 
Engineering Review. 

English Mechanic. 

Illuminating Engineer. 

Illustrated Official Journal, Patents. 
Indian and Eastern Engineer. 
International Marine Engineering. 
Iron and Coal Trades Review. 
Light Railway and Tramway Journal. 
Mechanical Engineer. 

Mining Journal. 

National Telephone Journal. 
Nature. 

Page's Weekly. 

Philosophical Magazine. 

Post Office Electrical Engineers' Journal. 
Railway News. 

Railway Times. 

Royal Engineers' Journal. 
Scientific Monthly. 

Tramway and Railway World. 
Vulcan. 


AMERICAN. 


American Journal of Science. 

American Telephone Journal. 

Electric Journal. 

Electric Railway Journal. 

Electrical Review and Western Electrician. 
Electrical World. 

Electrochemical and Metallurgical Industry. 
Engineering News. 

India Rubber World. 

Journal of the Telegraph. 

Physical Review. 

Scientific American. 

Telephony. 

Terrestrial Magnetism and Atmospherical Electricity. 


AUSTRIAN. 
Elektrotechnik und Maschinenbau. 
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DANISH. 
Teknisk Tidsskrift. 
DUTCH. 
De Ingenieur. 
FRENCH. 


Archives des Sciences Physiques et Naturelles. 
Électricien. 

Houille Blanche. 

Industrie Électrique. 

Journal de Physique. 

Journal Té:égraphique. 

Lumiere Electrique. 

Mois Scientifique et Industriel. 

Portefeuille Economique des Machines. 
Revue Electrique. 


GERMAN. 


Annalen der Elektrotechnik. 

Annalen der Physik. 

Annalen der Physik, Beiblitter. 
Elektrische Kraftbetriebe und Bahnen. 


Elektro-Ingenieur Kalender (Hirsch und Wilking). 
Elektrotechnische und Polytechnische Rundschau. 


Elektrotechnische Zeitschrift. 
Elektrotechnischer Anzeiger. 
Fortschritte der Elektrotechnik. 
Glückauf. 

Jahrbuch der Elektrochemie. 
Physikalische Zeitschrift. 
Technische Literatur. 

Zeitschrift für Elektrochemie. 
Zeitschrift für Instrumentenkunde, 


ITALIAN. 
L'Elettricista. | 
L'Elettricita. 
Giornale del Genio Civile. 
П Nuovo Cimento, 
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SIAMESE. 
Siam Engineering. 
SPANISH. 
La Ingenieria. 
Revista Electro-Industrial. 
SWISS. 


Schweizerische Elektrotechnische Zeitschrift. 
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STATEMENT OF INCOME AND 


ENDED 3ist 
Air. 
EXPENDITURE. 
$ sd. £ sd 
To MANAGEMENT :— 

Salaries ... егі сім ve ... 1,918 5 IO 
Retiring Allowance EN b T ... 125 О О 
Accountants' Fees $ed 255 21 о 0 
Printing, Stationery, and d Addressing ... 501 18 3 
Postage ... Vis s ... 912 о 2 
Telephone к у» © T E 27 20 
Travelling iss Ss — 5% ... 202 I3 I 

3.797 19 4 

» RENT, INSURANCE, LIGHTING, AND FIRING 717 7 10 

» OFFICE REDECORATION AND FITTINGS ... 23 15 6 


PUBLICATIONS :— 
Journal ... ie ids гах ws ... 1,490 I 5 
“Science Abstracts "— 
Disbursements .. ...£1,799 16 то 
Less Receipts see ... 1,377 9 0 


-- 2 7 10 
1,012 9 3 
» MEETINGS :— 
Advance Proofs, Refreshments, &c. ... ... 103 8 5 
Reporting — isa M "eT m 76 7 0 
269 15 5 
„ LOCAL SECTIONS 565 18 8 
» PREMIUMS Ж 13318 2 
„ DRITISH ELECTROTECHNICAL COMMITTEE 257 4 0 
„ CONVERSAZIONE 242 110 
„ ANNUAL DINNER 122 0 3 
„ MUSEUM 2818 6 
» DEPRECIATION :— 
Library (10%) ... bo “ae — ... 173 I 7 
Furniture (5 %) ... 445 m pss 5? 2115 О 
— 101067 
» MISCELLANFOUS EXPENSES 103 12 8 
» BALANCE carried to General Fund, being excess of лене 
over Expenditure Sa т ves oes . 3,253 9 3 
611,623 7 3 


[md 
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EXPENDITURE FOR THE YEAR 


DECEMBER, 1008. 
Ct. 
INCOME. 


£ s d. 4 sd. 
Bv SUBSCRIPTIONS is о: э ба T БР ... 10,590 9 о 
» DIVIDENDS ON INVESTMENTS :— 
Life Compositions Fund — У ... £173 9 5 


General and Entrance Fees Funds ... ... 158 2 8 
331 I2 I 
» INTEREST ON CASH ON DEPOSIT ... ee ee vss ‘ies 18 310 
» JOURNAL :— | 
Sales sis ai dd Ves ba .. 193 16 I 
Advertisements ... i sg me .. 465 2 6 
658 18 7 
» WIRING RULES MN bn vet e ST s ix 16 13 9 
» MODEL GENERAL CONDITIONS FOR CONTRACTS кэ» = 710 о 


£11,623 7 3 


BALANCE SHEET, 


LIABILITIES. 


Lira 


To SALOMONS SCHOLARSHIP TRUST FUND (Income) ... ӛз 23 19 2 
» DAVID HUGHES SCHOLARSHIP TRUST FUND — 


Capital uninvested  ... ive E qus I 5 O 

Income $^ “% ёа т sis 25 0 7 
------ © 5 7 
» WILDE BENEVOLENT TRUST Еомр (Income)... vds ... 13415 4 
» LIFE COMPOSITIONS FUND ER ist A Vaf ... 5,581 13 0 
» ENTRANCE FEES FUND ... ade ins ке а ... 1,437 6 7 
» BUILDING FUND .. P $5 es vs os ... 35,753 14 6 
» KELVIN LECTURE FUND ... eus Е vis ate .. 862 10 10 
„ SUNDRY CREDITORS ns vis ЖЕР уз T ... 740 5 9 

» LOCAL SECTIONS :— 

Due to Hon. Sec. Birmingham Section ... 519 O 

- » Dublin vs I 12 О 

з ‘5 Newcastle 5 ^ 4 07 
II II 7 
» SUBSCRIPTIONS RECEIVED IN ADVANCE m aes ste 8812 0 
» FOREIGN Visir FUND sx sss oe вх iss s 39 IO O 
» GENERAL FUND... ка ds а. sae m— ... 6852 6 9 


ROBERT HAMMOND, 
Honorary Treasurer, 


Р. Е. ROWELL, 
Secretary. 


$51,552 I1 I 


We beg to report that we have audited the Balance Sheet of the Institu- 
together with the annexed Statements of Account. We have obtained all the 
Bankers’ Certificates of Investments and the Title Deeds of the Tothill 
Sheet is ргорегіу drawn up so as to exhibit a true and correct view of the 
and the explanations given to us and as shown by the books of the 


ALLEN, BIGGS & CO, 
Chartercd Accountants. 
147, LEADENHALL STREET, E.C. 
April 27, 1909. 


3Ist DECEMBER, 
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Er. 
ASSETS. 
А £s 
By LIFE COMPOSITIONS FUND INVESTMENTS (at cost)... ... 5,555 12 
» BUILDING FUND INVESTMENTS T . 16,322 13 
» TOTHILL STREET BUILDINGS AND SITE ^ .. 19,260 17 
» INSTITUTION BUILDING :— 
Surveyors' Fees, &c. уе - 58 8 
» ENTRANCE FEES FUND INVESTMENTS - 1,200 7 
» GENERAL FUND INVESTMENTS е 3,338 14 
» KELVIN LECTURE FUND INVESTMENT үз 862 10 
» SUNDRY DEBTORS ... I,215 13 
» LOCAL SECTIONS :— 
Cash in hands of Hon. Sec. Glasgow Section 1610 5 
do. do. do. Leeds do. 36 7 О 
do. do. do. Manchester do. 4 511 
= 57 3 
„ FURNITURE 413 6 
a LIBRARY vis T 1,557 14 
» VELLUM DIPLOMA FORMS 2 13 
» CASH :—At Bankers’ e. 1,483 17 1 
Petty Cash “2 oe M " 79 4 6 
P. O. Savings Bank (Wilde Bencvolent 
Trust Fund Income) T 134 I5 4 
— ——— 1,697 16 
£51,552 11 


tion of Electrical Engineers, dated 31st December, 1008, and above set forth, 
information and explanations we have required. We have inspected the 
Street Property. In our opinion the Statements are correct, and the Balance 
state of the Institutions affairs according to the best of our information 
Institution. 


К. 5. ERSKINE, 
SIDNEY SHARP, 


| Honorary Auditors. 
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SALOMONS SCHOLARSHIP 


Hr. 

· 5. а. 
To Amount (as per last Account) 32s s m ге ... 2,126 19 3 
£2,126 19 3 
SALOMONS SCHOLARSHIP 

. №: 
+ s.d. 
To Amount paid to Scholars іп 1908... des 75 0 0 
» Balance carried to Balance Sheet zs TE -— P 23 IQ 2 
£98 19 2 


DAVID HUGHES SCHOLARSHIP 


Ж 5. а. 
То Amount paid to Scholars іп 1008... а ы з Р 50 о о 
» Balance carried to Balance Sheet 25 о 7 
— #750 7 
WILDE BENEVOLENT 

, Жіп. 
s. d. 
To Amount (as per last Account) 1,744 16 o 
£1,744 16 о 
WILDE BENEVOLENT 

Er. 
& s. d. 
To Grant made in 1908 .. ae ae si c» ie vd Зоо 
Вајапсе carried to Bal: ance Sheet iis а А ... 13415 4 


т 


| 


4142 15 4 


TRUST. FUND. 


Ву Investments (at cost) :— 
£1,500 New South Wales 34 96 Stock (dx "T ... 1,556 5 9 
£500 Cape of Good Hope 34 % Stock... -— ... 57013 6 
£2,126 19 3 


TRUST FUND (Income). 


бт. 
£ s d. 
By Balance (as per last Account) ... ahs oe iie 24% 2810 2 
» Dividends received іп 1908 кз d € s bos 7000 
£98 19 2 
TRUST FUND. 
бт. 
Ж 5. д 
Ву Investment (at cost) :— 62,045 Staines Reservoirs 3 % 
Guarantced Debenture Stock € > 20% ... 1,998 15 0 
» Balance carried to Balance Sheet — s oe вы I 5 0 
2000 0 О 
TRUST FUND (Income). 
бт. 
+ 5. а. 
By Balance (as per last Account) ... vus T TM ss I3 13 7 
» Dividends received in 1908 jux бш de gm me 61 7 о 
LES о 7 
TRUST FUND. 
бт. 
£ s.d 
By Investments (at cost):— 
£975 Great Eastern Railway Metropolitan 5% Guaran- 
teed Stock ... sida > ~ К ... 1,493 16 3 
£215 North Eastern Railway 4% Guaranteed Stock ... 250 19 9 
£1,744 16 0 
TRUST FUND (Income). 
бт. 
Ж s. d. 
By Balance (as per last Account) we Ge ш е ыт 87 18 6 
» Dividends received in 1908 was Bs jak ies pii 52 7 0 
» Interest do. do. pss € "s 44% - 2 9 IO 


LIFE COMPOSITIONS 


Xi 

Ё : 
To Amount (as per last Account). ... T Ves Tr .. 5,581 13 0 
65,581 13 o 
ENTRANCE FEES 

Zr. 

Ж s.d 
To Entrance Fees trom 1902 to 1907 (as per last Account) .. 4453 2 Ө 
" К » received in 1908 ... m газ s ... 70117 о 
5,156 19 6 
Less Transferred to Building Fund ... swe bes а ... 3,719 12 11 


11437 6 7 
Е 


FUND. 
бт. 
£ s 4. 
By Investments (at cost) :— 
$318 о о Саре of Good Hope 4 % Consolidated Stock 306 о o 
1,670 19 5 India 33 % Stock ... 1770 5 0 
I20 о о South-Eastern Railway 5 “of Debentüre Stock 20416 6 
355 S 10 Canada 3 % Stock . ins 352 13 6 
289 17 4 Midland Railway 24 % Consolidated Perpetual 
Preference Stock — ... 274 II IO 
6 о o East Indian Railway Class “С” Annuity ... 185 І 9 
87 о o Great Eastern Railway 4 % Consolidated 
Preference Stock I30 IS 2 
175 0 0 Great Eastern Railway 4% Debenture Stock 251 5 5 
5 6 4 Great Indian Peninsula Railway “В” Annuity 13317 6 
190 13 4 Metropolitan Water Board “А” Stock 207 17 9 
520 о о Staines Reservoirs 3 % Guaranteed Debenture 
Stock 539 2 3 
200 о о Glasgow and South- Western Railway A % Pré- 
ference Stock (1894) Ew 4 276 5 0 
I II 8 Madras Railway “В” Annuity ... 44 9 4 
бо о о South Indian Railway 44 96 Debenture Stock 88 I 4 
30 о о Burma Railway Co.’s Stock avs ves 30 12 3 
40 о о East Indian Railway 44 96 Debenture Stock m 57 3 7 
400 0 о Natal Zululand Railways 3 % Debentures 351 I 0 
350 0 0 New Zealand 34 % Inscribed Stock 343 12 IO 
45,555 12 0 
» Balance Uninvested 26 1 0 
£5,581 13 о 
FU ND. 
Cr. 
+ s d. 4 sd. 
By Investments (at cost) during 1908 :— | 
£800 Leeds Corporation 24% Stock... ... 558% го 
$700 Liverpool Corporation 3% Stock... ... O21 6 o 
— 1,200 7 0 
» Balance Uninvested 227 19 7 
&1437 6 7 
[me] 
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Ж. 


To Amount (as рег last Account) eae 45% 


ge 


” 


» transferred from Entrance Fees Fund 


3 i » General Fund 
Dividends on Investments 55% қар 
Revenue from Property 


Subscriptions 54% 
Surplus from Vellum Diplomas 55% 


BUILDING 
£ s.d 
21,375 12 5 
3,719 12 II 
9,438 18 о 
478 16 10 

659 4 о 

75 9 0 

о I 4 
435-753 14 0 


FUND. 


By Investments (at cost) :— 
As per last Account (prior to 1908) 
£1,000 South-Eastern Railway 5 % Debenture 


Stock ... 


£550 Manchester боровой 3 % Stock .. 


Purchased during 1908 :— ° 
£700 Birmingham Corporation 3% Stock... 
£700 Bradford - 395. 2 


Transferred from Entrance Fees Fund in 1908 :— 
$1,418 8 о Midland Railway 24% Consoli- 


dated Perpetual Preference 
Stock.. 


918 3 2 India 34% Stock 
410 о о East Indian Railway 44 96 De- 


benture Stock 


800 о o North Eastern ae 4% 


Preference Stock . wah 


Transferred from General Fund in 1908 :— 
£52 13 


39 
623 


2,200 


650 
1,100 


1,050 


700 


7 
о 


0 


о 


о 


8 Great Indian Peninsula Railway 
“В” Annuity 

7 Madras Railway “В” Annuity 

o Great Western Railway 5 % Pre- 
ference Stock . 

o Natal Zululand Railways 3% De- 
bentures ... 

o New Zealand 34 96 Inscribed Stock 
о Great Eastern Railway 4% Con- 
solidated Preference Stock 
o London and North Western Rail- 
way 4 % Preference Stock 
о Great Eastern Railway Metropoli- 
tan 596 Guaranteed Stock 


» Tothill Street Buildings and Site (as per last Account) 


” 


Institution Building :— 


Surveyors' Fees, &c. 
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бт. 

£ sd 
1,447 1 9 
493 13 6 

-------- 1940 15 3 
614 6 о 
609 I O 

——— 1,223 7 0 
1200 о о 
973 17 10 
586 і 7 
959 13 6 

3,719 12 11 
1,239 17 9 
1,114 14 О 
999 18 1 
1,919 11 0 
641 18 2 
1,266 18 9 
1,225 4 9 

1,030 15 

9,438 18 о 

16,322 13 2 

.. 19,200 17 1 

58 8 о 

III 16 3 


Balance Uninvested 


£35753 14 6 
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GENERAL 


Ж sd 


To Excesses of Income over Expenditure, to Dec. 31, 1907 " ...30,098 10 8 
Add Excess of Income over Expenditure for 1908  ... ... 3,253 9 3 


33352 8 п 
Less Transfers to Building Fund :— 


Previous to 1908 dis - з ... 16,198 13 4 
During 1008 АТА Т з ise ... 9,438 18 o 


25,637 II 4 
Transfer to Kelvin Lecture Fund ... ... 862 10 IO 
26,500 2 2 


* Made up as follows :— 
Amount as per last Balance Sheet ... 13,900 6 4 
Add Transfers to Building Fund pre- 
У vious to 1908 TE s ... 16,198 13 4 


£30,098 10 8 
£6852 6 9 
KELVIN 
+ s.d. 
To Transfer from General Fund : 862 10 10 


» Dividends “.. ... өөө ose ero ... 25 о о 
Less Lecturer's Honorarium ... eco 5% 25 0 0 


FUND. 
бт. 
Ж sd 
By Investments (at cost) :— 
61,500 Great Central and Midland Railway 
34 % Guaranteed Stock ржа ... 1,568 8 0 
£200 24% Consols ... m T «5а ... 17210 2 
1,740 18 11 
» Investments during 1908 :— 
£600 Belfast Corporation 34 % Stock ... ... 50213 6 
£500 Bristol ы 34% ,, vus .. 501 6 o 
£500 Leicester + 34% 5 5% ... 503 16 o 
------- 1597 15 6 
3,338 14 5 
» Balance made up as follows :— 
ASSETS. 
Sundry Debtors... ees 1,215 ІЗ 0 
Cash іп Hand ҚҰ, Ps 1,755 0 9 
Furniture... TA E 413 610 
Library XT уз ке 1,557 14 11 
Vellum Diploma Forms ... 213 I 
494 8 7 
LIABILITIES, 
Uninvested Balances of Special 
Funds ... ква ges 590 6 11 
Sundry Creditors ... А 75117 4 
Subscriptions in Advance 88 I2 о 
——— — — 1,430 16 3 
--------- 3,513 12 4 
£0,852 6 9 
LECTURE FUND. 
бт. 
£ s. а. 
By Investment (at cost) :— 
£1,000 24 % Consols ке. iis m m cat ... 802 IO IO 
£862 10 10 
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LIBRARY. 
Tir. 


6 sd. 


To Amount (as per Balance Sheet) ... es о. не o» 1,557 14 И 


———— 


£1,557 14 И 
tU 


LIBRARY. 


Outlays on Books, Pictures, etc., up to December 31, 1007 
Less Provision for Depreciation (1901-7) 


Ав per last Balance Shect 
Expenditure on Books and Binding ii in 11908. 


Less 10% Depreciation for 1908 € Te 2% 


811 


£1,557 1411 
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The PRESIDENT: It is now my duty to present the Annual Report. 
With your permission I will do so only in abstract, and as the Honorary 
Treasurer is here I will omit any references to the financial parts of the 
Report, and will ask him to deal with those questions. [The President 
then read the Annual Report, and in the course of doing so made the 
following comments :] With reference to the use of the Ffournal for 
the publication of short notes or communications, the Council hopes 
that when members have short announcements to make, such as notes 
on processes, methods of testing, new instruments, and so on, they will 
send them to the Fournal. We think it desirable that short notes of 
that nature should find a place in the Fournal, so that they may reach 
the greatest number of members. И is the best way of getting a 
permanent record of such matters. Whilst we all realise the great 
services that are done to the industry by the technical papers, I am 
sure none of our friends of the technical press will misunderstand me 
when I say that the Journal of this Institution is a very suitable place 
for the publication of such notes by our members. The technical 
papers necessarily have to deal with a large mass of matter, much of 
which is of merely temporary interest. Notes such as I have in mind, 
usually of permanent scientific interest, are apt to get buried іп the 
heavy volumes of the technical papers. We hope that notes that тау 
appear in the Fournal will also appear in the technical papers, 
and that the authors of such notes will not lose the publicity that 
they naturally and properly value. I trust that the short list of 
Original Communications in the Report will become longer as years 
go on. 

Coming to the question of the Annual Premiums, the Fahie 
Premium has not been awarded this year. As you know, it is the 
custom of the Council to award that premium for papers on tele- 
graphic subjects, but we very much regret that no paper has been 
received this year for which the author could receive this award. I 
hope in the future we shall receive more papers on telegraphic 
subjects. There is much work being done in telegraphy, but since 
Mr. Sidney Brown read his paper on cable relay work and other work 
on cable telegraphy we have had no paper of importance on telegraphy. 
We hope that the cable men and telegraph and telephone men in the 
Institution will remember that this Institution was founded as the 
Society of Telegraph Engineers, and that more papers dealing with 
those subjects will be sent in. We are able, according to our custom, to 
award a number of premiums besides those mentioned by name. We 
have got into the habit of calling these “extra premiums.” Every year 
we have been able to award a number of such premiums, there being 
a number of papers of value, the merit of which the Council wished to 
recognise, so that they are not extra premiums in any sense other than 
that they have not at present any definite names. With regard to the 
Willans Premium, which we award alternately with the Institution 
of Mechanical Engineers, it may interest you to know that a Willans 
medal has been prepared, and that the large plaque reproduced in 


1909.] ANNUAL GENERAL MEETING. 818 


bronze from the original model, is to be seen in the Library of the 
Institution. 

Perhaps the matter that will interest you most in the Rcport is the 
paragraph relating to the Institution building. Last June we had a 
special mecting in the building which will in a few days be the 
Institution of Electrical Engineers building, and vou authorised the 
purchase of the building for a sum of 450,000. АП the necessary 
financial arrangements have been made for completing the purchase. 
The large room along most ot the front on the first floor will form the 
library, It is a very large, handsome, lofty room of about 3,000 sq. ft. 
area, very well lighted, facing the Embankment on the south. It will 
be one of the handsomest libraries possessed by any scientific or engi- 
ncering institution in London, but it will not be at all too large for our 
great collection of books. It is proposed to enlarge and iniprove the 
entrance hall and the lecture theatre. Тһе plans prepared by our 
architect, Mr. Percy Adams, are of a very satisfactory character. The 
theatre when completed will be about 30 per cent. larger than that of 
the Institution of Civil Engineers, where we have for so long had the 
privilege of holding our mectings. The remaining part of the building 
has been let for three years to the Royal College of Physicians and 
Surgeons. We are very glad that the whole of the parts of the build- 
ing that we do not require for our own immediate needs will be 
occupied by the present owners. This is a mutually convenient 
arrangement to us and to the Colleges. We hope to move our offices 
into the new building in the autumn, but the theatre will not be 
finished until early next year. With regard to the British Electro- 
technical Committee, I may say that since the Report was printed a 
mecting has bcen held, and Mr. Alexander Siemens has been appointed 
Chairman of the Committee in place of Sir John Gavcy, who has 
resigned that position, but who remains on the Committee. You will 
notice that the Council have had under consideration the issue of a 
statement on the subject of professional conduct, a matter that ме 
have had before us for some years. "The Institution of Civil 
Engineers, which has always taken such a high standard on all 
matters of professional practice апа conduct, in its recent Report 
issued a series of recommendations, which will no doubt be accepted 
as law by all the members of that Institution. We hope that а some- 
what similar series of recommendations will be issued by this Institu- 
tion before long. 

Now that we have a building of our own, and a very hand- 
some one, I feel sure members generally will recognise that the 
Building Fund is a fund to which they will wish to contribute. My 
own feeling is that the best way of increasing this fund would be, not 
so much by donations of large amounts from rich members of the 
Institution—although that is a mode which I am sure the Council 
would not discourage—but rather by every Member, Associate Member, 
Associate, and Student putting his hand in his pocket and contributing 
a small amount annually for a few years. I cannot help thinking that 
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annual contributions by a large number of members of quite small 
sums annually would be the best way of showing that members 
generally appreciate the efforts of the Council in their work which 
has led to the acquisition of our very handsome building. 

With regard to the Benevolent Fund, the Committee of Management 
has met when necessary and all applications have been considered. 
The work of benevolence has been carried on so far as seemed to be 
desirable. At present the Fund is small, and fortunately the number of 
applications is few, but we cannot expect that will alwavs be the case. 
Later on the Fund is sure to have more demands made on it, and I 
commend it to your attention in the hope that it also may be added to 
regularly and readily by small annual contributions or otherwise. 

Although it is not in the Report, I should like to mention a matter 
which has only been settled at the Council Meeting to-dav. I mention 
it because I think you will like to hear of it, and because it is a matter 
in which I have particularly interested myself and have alwavs kept 
in mind asa thing I should like to see carried out during mv term of 
office. The Council has to-day sanctioned a pension scheme for the 
whole of the Staff. I will not go into details now ; it does not come 
within the scope of the period dealt with by this Report; but I may 
say that the principle is this—that each officer or servant of the Institu- 
tion contributes a certain proportion of the premiunis necessary for a 
life assurance, the amount of which is settled by the Council. The 
Council contributes the balance of those premiums, so that in a sense 
the Council increases the salaries of all its Staff; but that increase goes, 
so far as this scheme is concerned, into the form of life assurance, to 
which the member of the Staff also contributes a certain proportion. 

I do not know whether members sufficiently realise what а very 
valuable asset we have in the Library. It began, as vou know, with 
the library left to the Institution under a certain Trust Deed Бу Sir 
Francis Ronalds, and it has been kept up, and is now being kept up 
perhaps more energetically than before. In connection with this work 
I ought specially to mention the efforts of Mr. Duddell, the Chairman 
of the Library Committee. Whatever Mr. Duddell undertakes he does 
with all his heart. When we get into the new building, and get the 
Library furnished and equipped, I believe members will be very much 
astonished to find what a magnificent Librarv the Institution possesses. 

I now beg to move : * That the Report of the Council as presented be 
received and adopted, and that it be printed іп the Fournal of the Pro- 
ceedings” ; and I call on the Treasurer, in seconding the motion, to deal 
with the question of the Accounts. 

Мг. К. HAMMOND: It gives me great pleasure to second the motion 
which has been moved from the chair. By the kindness of the members 
of this Institution I am put in the position of being a Chancellor of 
the Exchequer who every year enjoys a surplus. Тһе Accounts 
that are before you show the very satisfactory result of not only a 
surplus, but a surplus which is an increase upon the surplus of the 
previous ycar. In order to arrive at the actual surplus you must add 
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the balance which is to the credit of the General Fund, the balance that 
has accrued in the form of Entrance Fees, and the increment of the 
Building Fund, because if you do not do that the comparison is not on 
a proper basis. For instance, during the past year you will notice that, 
in view of the purchase of the lease of the building on the Embankment, 
we have transferred a number of securities from one Fund to the other, 
and therefore the interest accruing, which used toappear in the General 
Fund, this year appears in the Building Fund. The total of our 
increment, of our surplus, for 1908 is £5,174 17s. 5d., which compares 
with the surplus for the previous year of £4,909. We know that the 
industry is passing through a pretty strenuous time, and we are glad to 
feel that we can show, nevertheless, an increase in our surplus of £260. 
Just glancing back for a few minutes over a period of ten years, we have 
a very marked increase of prosperity shown by these accounts. In 1899 
the total of the three increments for Entrance Fees, Building Fund, and 
General Fund was £1,443 ; in 1902 it reached £2,300. Іп that year we 
ventured to ask the members to increase their subscriptions, with the 
result that we immediately had an increase of revenuc in 1903, bringing 
up our surplus to £4,486, while last year, as I have said, the amount 
stands at £5,174. Those who have studied the Accounts probably do 
not desire me to go into the details, because they speak for themselves, 
and those who have not studied them still less want anything said about 
them. Ithink, therefore, I will pass from the past to the future. In the 
years that are immediately ahead, when we get into the new building, 
the then Treasurer, whoever he may be, will not be in the position of 
coming to the Annual Meeting with a margin of £5,000 to the good. 
It is by having had these increases in the past and holding our hands 
somewhat that we have put ourselves into the position of acquiring our 
splendid building. Some have wondered why we ever bought the site in 
Tothill Street if we did not mean to build upon it. That is a story that 
has already been gone into ; but at all events we have the site in Tothill 
Street, and at the right time it can be realised and the money, which in 
the meantime we have to borrow, repaid. With regard to the future, I 
am glad to be able to say that we shall enter the new building under 
conditions that enable us to say, in the first place, that we are quite con- 
fident that we are going to make both ends meet. Your Treasurer this 
time next усаг will, I feel confident, be in a position to state that he has 
not had to face a deficit, that we have been able to move into the new 
building with all its largely increased. expenses, and still have a margin 
to the good at the end of the усаг. And more than that, he will also be 
able to say, I feel confident, that out of that margin to the good it has 
been possible to put aside a certain definite sum towards the extinction 
of the purchase price. I ask you to bear with me just for a few minutes 
further in order to explain how it is that I am able to be so cheerful to- 
night, in spite of the fact that on the rst of June I have to draw a cheque 
for £50,000 on your account. The position is this. We have made 
arrangements with an Insurance Company for a loan on the annuity prin- 
ciple, which is repayable in any casc in twenty-five ycars, and we also hope 
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that in the new building, with its very charming rooms, as they will be, 
andits magnificent situation, we shall get an increased membership. The 
Institution does not always see eye to eve with the Treasurer as to the 
admittance of new members, because the Treasurer would like to see a 
thousand new members every year. The Members of the Council are 
taking greater and greater саге to make the membership of this Institu- 
tion something worth having, and therefore, though the financial instincts 
of the Treasurer would be in favour of admitting a larger number of 
members, the determination on the part of the Institution to make this 
at all events far and away the premier Electrical Institution of the world 
is to a certain extent keeping our revenue down. Ви, in spite of all 
that, I think we can say that our revenue in the пех building will be 
increased. 

The PRESIDENT : The Report is now open for discussion, and if any 
members wish to speak we should be very glad to hear them. 

If no one wishes to make any observations, I will simply put the 
motion. 

The motion was then put and carried unanimously. 

Тһе PREsIDENT: I now ask your permission to take as read the 
Auditors’ Certificate of the Accounts, and to propose, “ That the State- 
ment of Accounts and Balance Sheet for 1908, of which copies have 
been sent to the members with the notice convening the meeting, be 
taken as read." 

The motion was then put and carried unaminously. 

The PREsIDENT : I now move, * That the Statement of Accounts 
and Balance Sheet for the year ending December 31, 1908, as рге- 
sented, be received and adopted." 

Mr. W. К. Cooper: I have much pleasure in seconding that. 

The PRESIDENT : Do any members wish to make any observations 
on this subject? If not, I will put the motion. 

The motion was then put, and carried unanimously. 

The PREsIDENT : We have now the duty of passing certain votes of 
thanks, and I will ask Mr. Sparks to propose the first of them. 

Mr.C. P. Sparks: We must look back to-night some thirty-seven years 
to the original starting of this Institution, and remember that for that 
long period we have been materially assisted by the Institution of Civil 
Engineers and the Royal Society of Arts. Those two Institutions, and 
especially the Institution of Civil Engineers, have really acted as our 
parents ; they have given us magnificent accommodation for no less 
than thirty-seven years, and I fecl that our Institution has been largely 
built up, particularly by the efforts of the great engineering Socicty, 
the Institution of Civil Engineers. It is therefore my duty and very 
great pleasure to propose: “ That the best thanks of the Institution be 
and are hereby accorded to the Council of the Institution of Civil 
Engincers and to the Council of the Royal Society of Arts for the grcat 
courtesy extended to the Institution by placing their rooms at its 
disposal for the holdings of its General Meetings." 

Mr. LEON GasTER: I am very pleased indeed that the opportunity 
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has been given to me to second this vote of thanks, and I have great 
pleasure in doing so. 

The resolution was then put, and carried unanimously. 

Mr. J. F. C. SNELL : It is my duty to propose the following resolu- 
tion: “ That the best thanks of the Institution be given to the local 
Honorary Secretaries and "Treasurers abroad for their kind services 
during the past year." 

Mr. С. Е. MANSBRIDGE : I have much pleasure in seconding that. 

The resolution was put and carried unanimously. 

Mr. Н. Номам : There is one honorary official of this Institution 
holding a very responsible position indeed, upon whom has devolved 
during the past Session very important work, and that is our Honorary 
Treasurer, Mr. Robert Hammond. In consequence of the prospective 
movement of the Institution to its new quarters on the Embankment, it 
has devolved оп Mr. Hammond to draw up an elaborate statement with 
regard to the financial position of this Institution. In the course 
of events that Statement was brought under the notice of one of 
the leading lights in the actuarial world, and that gentleman remarked 
to me that it was a most admirable and lucid Statement, and that 
he could not help expressing his astonishment that an engineer of 
Westminster could draw up such a financial statement. 1 think it 
is a very great compliment to Mr. Hammond, and I feel sure as 
long as the purse-strings of the Institution are in his hands we may 
rest assured that our finances will be in a very sound condition. I 
have therefore very great pleasure indeed in moving: “ That the best 
thanks of the Institution be given to Mr. Hammond in recognition of 
the valuable services rendered by him as Honorary Treasurer of the 
Institution during the past Session." 

Mr. Н. M. Sayers: I have very great pleasure іп seconding the 
motion, None of us here, I imagine, are surprised to hear of Mr. 
Hammond's financial ability. We have had а long experience of 
it, and know what he can do in that way ; but I am sure you will 
agree with me that we ought to thank him very heartily for putting 
that ability gratuitously at the disposal of the Institution in the way hc 
has done. I should like to say that I hope our Chancellor of the 
Exchequer next year will be the same as in the present year. 

Тһе resolution was put, and carried with acclamation. 

Mr. R. HAMMOND : I should like to thank you very much indeed for 
passing this resolution. It is a great reward to me to feel that the 
work I have been called upon to do has been so heartily appreciated 
by you. . 

Мг. J. E. TavLoR: I have much pleasure in proposing : “ That the 
best thanks of the Institution be accorded to the Honorary Auditors, 
Mr. Sidney Sharp and Mr. К. S. Erskine, tor their kind services during 
the past year." 

Mr. L. T. HEALEY: I beg to second that. 

The resolution was put, and carried unanimously. 

Mr. A. H. WALTON : I have much pleasure in proposing a hearty 
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vote of thanks to our Honorary Solicitors. We, as members of this 
Institution, especially the Council, value the advice they have given us 
during the past усаг. I therefore beg to move: “ That the best thanks 
of the Institution be tendered to Messrs. Bristow, Cooke, and Carp- 
mael for their kind services in their capacity of Honorary Solicitors 
during the past year.” 

Mr. J. W. Јлсомв Ноор: I have much pleasure in seconding that. 

The resolution was put, and carried unanimously. 

The PRESIDENT: This annual passing of votes of thanks may appear 
to be a formal matter, but I am sure we all feel it is a very real one, 
and that our thanks are very sincere and genuine. We are infinitely 
obliged to the Institutions and persons who have helped the Institution 
of Electrical Engincers. 

I have’ now to announce that, in accordance with the Articles of 
Association, the Council and honorary officers for the year 1909-10 are 
duly elected, no candidates other than those nominated by the Council 
having been put forward. Тһе new officers are :— 


President. 


Dr. С. КАРР. 


Vice-Presidents. 
Sir H. H. CUNYNGHAME, K.C.B. S. EVERSHED. 


W. DUDDELL, F.R.S. Col. H.C. L. HOLDEN, R.A., F.R.S. 
Members of Council. 

W. W. Соок. Major W. A. J. О'МЕАкА, C.M.G. 

G. K. B. ELPHINSTONE. W. H. PATCHELL. 

Ок. E. HOPKINSON. ]. H. RIDER. 

J. W. ]Асомв-Ноор. W. RUTHERFORD. 

W. Jupp. J. F. C. SNELL. 

Professor T. MATHER, F.R.S. G. STONEY. 

W. M. MORRISON. A. H. WALTON. 


C. H. WORDINGHAM. 


Associate Members of Council. 
E. RUSSELL CLARKE. | Н. Номам. 
J. E. TAYLOR. 


Honorary Treasurer. 
ROBERT HAMMOND. 


Honorary Auditors. 
H. ALABASTER. | SIDNEY SHARP. 


The chair was then taken by Mr. C. P. Sparks, Vice-President, 
and the remainder of the evening was occupied in the reading 
and discussion of a paper (see page 618) by Mr. W. M. Mordey, 
President, entitled, “Some Tests and Uses of Condensers.” 
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At a Special General Meeting of Members, Associate 
Members, and Associates, duly convened and 
held at the Offices of the Institution, 92, Victoria 
Street, Westminster, S. W., оп Thursday, July 
29, 1000--Мг. W. M. Мококу, Ргез4епь in the 
chair. 


The Secretary read the notice convening the meeting. 


The PRESIDENT: We have now reached a very important stage in 
connection with our new building on the Victoria Embankment. 

On June 3oth last year at a Special General Meeting authority was 
given for the purchase of the property for а sum of £50,000. This 
purchase was duly completed on June Ist this year, the purchase money 
being provided as follows :— 


From the accumulated funds of the Institution £24,000 
From a mortgage on the building s ... 26,000 


£50,000 


Ever since the mecting of June зо last усаг, the Council have 
been engaged on the consideration of various schemes for adapting 
the building to the purposes of the Institution, and they have finally 
decided that it would be in the best interests of the Institution to 
enlarge and improve the entrance hall and to rebuild the theatre com- 
pletely. Plans prepared by our architect, Mr. Percy Adams, have 
been considered, and finally {һе specifications have been issued and 
tenders obtained for these alterations. The result is that an expendi- 
ture estimated at £18,000 is necessary to cover these alterations in the 
building, and the equipment, and furnishing of the large library on the 
first floor, and of the parts of the building to be occupied by the In- 
stitution, including also the cost of a lift and various other matters 
necessary to adapt the other parts of the building to the requirements 
of our tenants. 

The new theatre will be a very handsome опе, appreciably larger 
than that of the Institution of Civil Engineers, in which we have for 
so long had the grcat privilege of holding our meetings. The modified 
entrance hall will provide a very attractive and convenient means of 
access to the theatre, library, offices, and public rooms. 

The funds of the Institution would be sufficient for Ше purpose of 
the required expenditure if we sell the Tothill Street site at the price we 
gave for it—viz., £17,500—a price which we are advised is a low one. It 
is believed that when the time is more favourable we shall be able to 
dispose of the site at a profit. 
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Meantime we have arranged for— 


A mortgage on the Tothill Street property, of £11,500 
And have securities available amounting to ... 4,000 


А total of ... £15,500 
As already explained— 


The estimated expenditure is about iss ... £18,000 
And, adding for contingencies and margin — ... 2,000 


We require a total of ... £20,090 
We are thercfore short to the extent of about... £4,509 


The sale of the Tothill Street property at cost price would, after 
paying the mortgage off, yield about £6,090. То meet this expenditure 
of £4,500, and to justify the- Council in putting before the members а 
recommendation to proceed with the proposed alterations, the past and 
present Members of the Council have guaranteed the difference be- 
tween the assets and the requirements, on the understanding that if 
they are called upon to make any payments under this guarantee they 
are to be repaid out of the funds of the Institution when availabie, 
either as a result of the sale of the Tothill Street property, or from 
contributions to the Building Fund, or otherwise. 

Two resolutions are before you ; the first is necessary to meet the 
wishes of the Economic Life Assurance Society, from whom we have 
borrowed a sum of £26,000 on the security of the new building ; the 
second is a resolution approving the proposed expenditure. | 

The PRESIDENT then moved the following resolution :— 

“That the action of the Council in borrowing the sum of £26,000 
from the Economic Life Assurance Society on the security of the lease- 
hold property of the Institution on the Thames Embankment on the 
terms of the indenture of mortgage dated June 1, 1909, a copy of which 
is now produced to the meeting, be and is hereby authorised and 
confirmed." 

The resolution was seconded by Мг. К. KAYE Gray, Past-president, 
and, on being put to the meeting, was carried unanimously. 

The PREsIDENT then moved :— 

“That an expenditure of a sum not exceeding £20,000 on structural 
alterations, furniture, and fittings in connection with the Institution 
Building be sanctioned and approved, and that the Council be author- 
ised to make such financial arrangements (including the borrowing ot 
money on the sccurity of the Institution Building and of the Institution 
property in Tothill Street) as the Council may consider necessary for 
the above purpose." 

The resolution was seconded by Mr. В. Наммохр, Honorary 
Treasurer, and, on being put to the meeting, was carried unani- 
mously. 
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ALEXANDER ADAMS died at Glasgow on November 29, 1908. 
He was born at Dundee in 1865, and at an early age entered the Navy, 
where he was employed on torpedo work, and incidentally acquired 
a good knowledge of electrical wiring. He then took up wiring work 
for the Woodside Electrical Company, and for Messrs. Mavor and 
` Coulson, and а few years later joined the Electricity Department of 
the Glasgow Corporation on its formation in 1892. He was rapidly 
promoted until he became mains superintendent in 1896, which position 
he held until the time of his death. He effected many improvements 
in the details of main laying, and was most energetic and painstaking 
in the discharge of his duties. He was elected an Associate Member 
of the Institution in 1900. 


WILLIAM EDWARD AYRTON, Е.К.5., who died on November 
8, 1908, at the age of 61, was the son of a well-known barrister, and 
was educated at University College, London, where in 1867 he ob- 
tained first place in the examination for the Indian Government Tele- 
graph Service. After studying electrical engineering for a short time 
under the late Lord Kelvin, he went out to India to take up the post 
of assistant electrical superintendent of the Telegraph Department. In 
1871 he was promoted to the position of superintendent, and in 1872 
came over to England to assist in the manufacture of the Great Western 
telegraph cable, under Lord Kelvin and Professor Fleeming Jenkin. 
In 1873 he went to Tokio as Professor of Physics and Telegraphy at the 
Imperial College of Engineering, but in 1879 he returned to England 
aud was for a time Professor of Applied Physics at Finsbury Technical 
College, and in 1884 was appointed Professor of Electrical Engineering 
at the Central College, Exhibition Road, which position he retained up 
to the time of his death. 

Much of his scientific work was done in collaboration with Professor 
Perry, who went out to Japan in 1875 as Professor of Engineering. 
Their joint investigations gave rise to many important discoveries in 
the theory of electrical science and its practical applications. They 
devoted special attention to electrical meters, many of which were 
brought out before the need for them had arisen, and they were 
awarded prizes at the Paris Exhibition of 1889 for the almost complete 
series they exhibited. They also acted as joint engineers to the Faure 
Accumulator Company, and carried out the electric lighting of the 
Grand Hotel, Charing Cross, in 1883. They designed a surface contact 
railway with automatic signalling, and (with Professor Fleeming 
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Jenkin) a system of electric telpherage, and in these also they were 
rather ahead of the requirements of that period. 

Professor Ayrton was a Fellow of the Royal Society, and the 
recipient of the Society's “ Royal Medal" in 1901 for services to 
electrical science. He was President of the Mathematical and Physical 
Section of the British Association in 1888, and of the Physical Society 
in 18до. He was Honorary Treasurer of this Institution from 1897 to 
1902, and was President in 1892. He wrote many valuable contribu- 
tions to the literature of the science, including an excellent treatise on 
* Practical Electricity," and his personal instruction has proved valuable 
to many of his pupils by inciting them to active research. He was 
gifted with impetuous energy, originality of thought, and great courage 
in the face of difficulties. 

He married in 1885 Hertha, daughter of Levi Marks, well known 
for her researches on the electric arc, and the only lady member of the 
Institution. 


EBENEZER JOHN BRISTOW died at his residence, North Side, 
Clapham Common, on December 29, 1908, after а short illness. He 
was nearly 84 vears old, having been born at Exeter in January, 1825. 
Early in life he came to London to study law, and was admitted a 
solicitor in 1847. Three years later he became a partner in the firm of 
Harrison. and. Wilson, of 1, Copthall Buildings, E.C., which sub- 
sequently became the firm of Wilson, Bristows, and Carpmael, who 
have been Honorary Solicitors to the Institution from its foundation. 
On the death of his brother he was elected to membership in 1902 
as the representative of his firm, of which he liad been senior partner 
since 1870. 

He was for some years a member of the Incorporated Council 
of Law Reporting for England and Wales. He was also for over thirty 
years a member of the Council of the Incorporated Law Society, 
and was President in 1883-4. He married in 1851 the daughter of 
Mr. Samuel Griffin, of Portsmouth, who survives him with a son and 
daughter. 


W. P. J. FAWCUS died in London on March 28, 1909. For 
some time his health had been bad, and while recovering from a 
surgical operation he contracted a severe chill which developed into a 
fatal attack of pneumonia. 

Mr. Fawcus took a prominent part in the carly development of the 
electrical industry in this country. He served articles with. Messrs. 
Hall, of Dartford, and was subsequently for some years at the works of 
Messrs. Thornevcroft & Со. Chiswick. In 1887 he put forward а 
scheme for electric lighting at Chester, and also established a water- 
power lighting station at keswick, the first of its kind in this country. 
Later he became managing director of the Manchester Edison & Swan 
Company and while there carried out the electric supply of Altrincham. 
In 1898 his company was absorbed by the Edison & Swan United 
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Electric Light Company, and he was given a place on the board, and 
also became managing director of Messrs. W. T. Glover & Co. He was 
elected an Associate Member of the Institution in 1899, and in 1907 was 
transferred to the higher class. Не was also for some time a member 
of the Council, and was President of the Northern Society of Electrical 
Engineers, of which society he was practically the founder. He wasa 
firm believer in the future of South Africa, both for agriculture and 
engineering, and spent a few years in that country shortly before 
his death. 


THOR PEDER K. HAMMARSKJOLD died on January 18, 1909, 

from typhoid fever, at the early age of 36. He was born in 1873, at 
· Stockholm, and in 1899 came to London to join the British L. M. 
Ericsson Manufacturing Company, of which he was managing director 
at the time of his death. Не was elected an Associate Member of the 
Institution in 1902, and was also a member of the Swedish Chamber of 
Commerce. 


CHARLES GEORGE HAMPSON died in August, 1908, after 
several months' illness. He was for over seven vears in the employ- 
ment of the Lahmeyer Electrical Company, of New Oxford Street, 
London. He was particularly identified with the introduction of 
electricity into mines, and in this connection was well known to many 
of the leading colliery managers in South Wales. 

He was elected an Associate Member of the Institution in 1905. 


HUGH ERAT HARRISON died on August 12, 1909, at the age of 
50. He was born at Westminster in 1859, and educated at University 
College, London, where he gained an exhibition and took honours in 
experimental physics. He was for a time with the Anglo-American 
Brush Company, and the Hammond Electric Light and Power Com- 
pany, Sheffield, and organised for the latter firm an electrical engineer- 
ing college in Red Lion Square, London. In 1885 this was closed, and 
he became a partner in the firm of Phillips, Harrison, and Hart. In 
1889 he organised and founded the Electrical Standardising, Testing, 
and Training Institution, Faraday House, Southampton Row, which he 
carried on up to thetime of his death. He organised a Testing Depart- 
ment, and was made Board of Trade Inspector for several towns. 
He was also an examiner to the Board of Education, and was one of 
the delegates sent by the Institution to the International Congress at 
St. Louis in 1904. 

In the early days of Faraday House, Mr. Harrison used to give a 
complete course of about seventy lectures on electrical engineering. 
He began with elcctrostatics, and gradually developed the whole 
subject in a clear and lucid manner. He spent much thought in sim- 
plifying algebraical proofs, and was fond of illustrating physical laws 
by graphic methods. He had a high opinion of Faraday's “ Experi- 
mental Researches,” and in a pamphlet entitled “Opsigraphics” applied 
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the conception of Faraday tubes to the simple solution of many 
problems, His laboratory skill was acquired from Professor Carey 
Foster, and he used often to follow the Socratic method of asking his 
students simple questions in order to make them think for themselves. 

Mr. Harrison became an Associate of the Institution in 188r, and a 
Member in 1886, He was twice elected on the Council, where his 
services proved most valuable, He was possessed of a singularly clear 
judgment, and was a man of strong character. 


HAROLD THORNTHWAITE HINCKS, whose death occurred 
on January 21, 1909, was born at Chester on May 10, 1873, and received 
his education at the King’s School, Chester, and the Chester College of 
Science. He was fora short time with Messrs. Fawcus and Cowan, at 
Keswick, and afterwards became a pupil in the Liverpool Corporation 
Electrical Department, and with Mr. H. E. Taylor, of Chester. From 
1894 to 1898 he was chief assistant to the Sandycroft Foundry, Hawarden, 
and from 1898 to 1906 was electrical engineer to the Kolar Gold Field 
Syndicate in various capacities, finally becoming resident electrical 
engineer, and having charge of stations supplying 60,000,000 units per 
annum. Іп 1906 he was appointed station superintendent, and later 
chief engineer, of the North Wales Power and Traction Company, but 
shortly before his death he had taken up an appointment with the 
Electrical Company, Charing Cross Road, London. 

He was elected an Associate Member of this Institution in 1907. 


ELEUTHÉRE ELIE NICOLAS MASCART, who died on 
August 25, 1908, at the age of 71, was a native of Quarouble, in the 
North of France. He was educated at Valenciennes and at the Ecole 
Normale Supérieure, Lille, where he finally graduated in 1864. He 
held various professorships in physics both there and at Metz and 
Versailles, and acted as deputy for the celebrated Régnault at the 
College de France. On Régnault's death, іп 1872, he succeeded to his 
chair. He early showed a capacity for dealing methodically with the 
details of meteorology, and in 1878 was appointed director of the 
Central Bureau of Meteorology in Paris. He held this position until 
1907, and during his term of office he succeeded in perfecting the 
organisation of the department and establishing the systematic 
publication of weather charts and forecasts. 

His early researches were mainly in optics, and later his attention 
was devoted to electricity, magnetism, and the measurement of elec- 
trical quantities. He was awarded the Prix Bordin for his work on 
spectrum analysis and the determination of wave-lengths. He also 
investigated in great detail the subjects of dispersion and interference, 
and examined the question whether it was possible by optical pheno- 
mena to determine the absolute motion of a body without any reference 
to that of the earth. Hisconclusion was that optical phenomena indicate 
only the motion relative to the earth, and for this result he was in 1574 
awarded a Grand Prix. 
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In 1876 ће published ian excellent treatise on statical electricity 
embodying Green's theory of potential and Lord Kelvin's electrometric 
work. About this time he also studied certain electrical effects in 
meteorology. In 1877 he published articles on the theory of electro- 
dynamic machines, and correctly stated the law of efficiency of motors, 
which up till then had not been generally understood. He carried out 
experimental work in connection with M. Angot, and obtained very 
accurate results in the measurement of electrochemical and other 
units. | | 

In 1884 һе was elected to the Académie des Sciences, and held 
various positions in that distinguished body, becoming President in 
1004. Не was also President of the Société Frangaise de Physique 
and of the Société Internationale des Electriciens. He was created 
Grand Officer of the Legion of Honour for services to his Government 
during the Franco-German War in connection with the making of 
explosives at Bayonne. In 1885 he was made an Honorary Member 
of the Physical Society of London ; in 1892, Foreign Member of the 
Royal Society ; and іп 1901, Honorary Member of this Institution. 
His health broke down soon after he resigned his post as Director of 
Meteorology. He only lived a year after his retirement. 


EMIL NAGLO died somewhat suddenly at Berlin on September r2, 
1908, from heart disease, after being indisposed for several months. 
He was born on February 25, 1845, at Laurahutte, in Silesia, but when 
quite young went to Berlin. He served articles of apprenticeship with 
Messrs. Siemens and Halske, remaining with them as an assistant in 
the cable-making and laying departments. Іп 1872, with his brother 
as partner, he set up in business as Naglo Brothers, with two workmen 
and very small premises. The business grew rapidly, in spite of the 
many difficulties which the firm had to face owing to the keen com- 
petition then existing in the electrical trades. The firm carried out, 
among other works, the electricity undertakings at Blankenburg and 
Kónigsberg (5-wire system), and the circular railway at the Berlin 
Exhibition. Тһе business was amalgamated in 1807 with that of 
Messrs. Schuckert Brothers, now the Actien Gesellschaft. 

Mr. Naglo was an original member of this Institution, and was also 
a member of the Elektrotechnischer Verein, of which he was twice 
president and several times chairman. { 


ARTHUR WARREN К. PEIRCE died at Driehoek, in the 
Transvaal, оп June 14, 1900, as the result of ptomaine poisoning 
followed by malarial fever. He was only 36 years of age, and at 
a period of his professional career as an electrical engineer when he 
appeared to have a brilliant future before him. 

He was a native of America, but came early to South Africa, and 
at the age of 25 was consulting electrical engineer to the Consolidated 
Gold Fields, and general manager of the General Electric Power 
Station. When this latter company was absorbed by the Victoria Falls 
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Power Company, he continued with them as superintendent in charge 
of the Germiston and Brakpan stations. 
He was elected an Associate Member of the Institution in 1907. 


FREDERIC AUTEN COMBS PERRINE died at Plainfield, New 
Jersey, on October 20, 1908. He was born on August 25, 1862, and 
was educated at the Freehold Institute, New Jersey, and at Princeton 
University, where he graduated D.Sc. in 1885, and M.A. in 1886. His 
education was on very broad lines, and having taken up the study of 
science, he continued to extend his knowledge by habitual reading 
almost to the time of his death. Не specialised in electrical engineer- 
ing, and on leaving college was some years with the United States 
Electric Lighting Company, of New York, and with John A. Roebling's 
Sons’ Company, and for a short period with the Germania Electric 
Company, of Boston. On the winding up of this company, he gave 
up engineering practice, and began his more successful work of teach- 
ing, being appointed Professor of Electrical Engineering at Stanford 
University, California. Before taking up this work he acted as a judge, 
and as a member of several committees, at the World's Fair, Chicago. 

Dr. Perrine in organising the department at Stanford University 
endeavoured as far as possible to combine the mathematical and 
physical theory of electricity with its practical applications to engineer- 
ing in the workshops and elsewhere. His success was largely due to 
personal contact with his students, and to informal discussions with 
them supplementary to the ordinary lectures. During the latter part 
of his connection with the University he was also chief engineer of the 
Standard Electric Company, of California. 

In 1904 he resigned both positions to become president and general 
manager of the Stanley Electric Manufacturing Company, of Pittsburg, 
Mass., and іп 1904 he resigned this post to take up private practice, 
which he continued to the time of his death. 

He held positions for a short period as editor of two technical 
papers, and belonged to many important societies. His connection 
with this Institution, as Member, dates from 1903. 


ROBERT PORTELLI died at Malta on March 30, 1909, at the 
age of 68, after a severe attack of pneumonia lasting only a few days. 

He was for the greater part of his life in the service of the Eastern 
Telegraph Company, on whose staff he became a superintendent. 
He established, in 1881, at his own expense, the telephone service of 
the Island of Malta, with exchanges at Malta and Gozo ; and later on, 
at the suggestion of the military authorities, linked up the system with 
the Military Telephone Service. During the cholera epidemic of 1887 
he gratuitously provided telephone communication at the isolation 
hospitals. 

In 1896 the late King Humbert conferred on him the distinction of 
Knight of the Order of the Crown of Italy. He was elected an Associate 
of the Institution in 1874, and a Member in 1886. 
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JOHN RANCE, Jun., died at Deal on September 16, 1909, after ап 
illness lasting several months. He was born in 1868, and was educated 
at the United Westminster Schools. He held scholarships at the 
Finsbury Technical College and the City and Guilds of London 
Institute, and obtained a free pupilage with the Anglo-American 
Brush Electrical Engineering Company, subsequently remaining with 
them as assistant. In 1894 he was employed by Messrs. Johnson & 
Phillips to erect transmission plant at the Sheba Gold Mines, in 
Rhodesia; and this proving successful, he erected similar plant at 
Pahang, in the Malay States, and at the Raub Australian Mines. He 
was appointed chief electrical engineer to Messrs. Jessop & Co., 
Calcutta, іп 1905, and remained with them until February, 1900, 
when he was compelled to return home owing to his health having 
given way. | 

He became an Associate of the Institution in 1889, and was trans- 
ferred to membership in 1897. In its early days he contributed much 
useful help to the Students' Section. 


CHARLES HENRY REYNOLDS, C.I.E., died іп May, 1908, 
at Lisbon, where he was attending the International Telegraph 
Conference as delegate of the Pacific Cable Board. Не was the son 
of an officer in the Indian army, and was born at Ootacamund on 
January 15, 1844. He was educated at University College, London, 
where in 1867 he obtained the first place in the Final Examination, and 
subsequently was given a special course of training at Glasgow 
University, under Lord Kelvin. He then proceeded to India to take 
up an appointment in the Telegraph Department. In 1870 he was 
appointed personal assistant to the Director-General of Telegraphs, 
and after passing through all the higher appointments of the 
Department, became Director-General in 1875. In 1899 he retired, 
and two years later was appointed general manager to the Pacific 
Cable Board, which position he held until the time of his death. He 
was an original Member of the Institution, and was in 1885 one of the 
representatives of India at the International Telegraph Conference at 
Berlin, and was made a companion of the Order of the Indian Empire 
in 1897. 


NORMAN RHEAM was born in Liverpool on August 28, 1863. 
He was educated at private schools, and served his time from 1885 to 
1888 in the works of Messrs. Crompton & Co., Chelmsford. On its 
completion he was for nine months head of the firm's test-room, and 
also assisted in the installation of electric light on some of the P. & O. 
Company's vessels. He was next employed in erecting and running 
electrical plant in the Transvaal, and later acted in the same capacity for 
Messrs. Thomas Cook & Sons in Cairo. On returning to England in 
1891 he was appointed assistant engincer on the City and South London 
Railway Company, being promoted іп 1896 to the post of chief assistant 
engineer. He superintended, under the chief engineer, Mr. P. V 
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McMahon, the construction of new buildings, the erection of plant, 
and the equipment of the line. Subsequently he had charge of the 
maintenance and repairs of the locomotives, and of repairs in the 
power house, sub-stations, and permanent way. His death took place 
in London on February 15, 1908, at the age of 44. He was elected 
an Associate Member of the Institution in 1900, and was transferred to 
Membership in 1902. 


WILLIAM WINSTANLEY STRODE died on January 30, 1909, 
after only a few hours’ illness. He was head of the firm of Strode 4 
Co., which was founded a hundred years ago by his grandfather, and 
was foremost in the lighting and heating industry in all its different 
stages. Mr. Strode, after being educated at Brighton College and on 
the Continent, was left in charge of the business at the age of 18 
by the death of his father, апа began active duties three vears later. 
At that time the firm were specialists in gas-lighting plant both in 
England and abroad. In 188r, however, on a visit to the Paris Elec- 
trical Exhibition, Mr. Strode was greatly impressed by the new illumi- 
nant, and from that date he gradually abandoned the gas-lighting work 
and took up electrical engineering instead. Numerous public and 
private engineering installations in this country and on the Continent 
testify to his practical abilities. 

He was one of the pioneers of the Electrical Contractors’ Associa- 
tion, which had for its object the raising of the general standard ot 
work. He was also an enthusiastic supporter of the Volunteer move- 
ment, and served twenty-seven years in the London Scottish Volunteers. 
He was elected an Associate of the Institution in 1888, and was in 1899 
transferred to the class of Associate Members. 


DOUGLAS LEWIS KNEVETT WELLS, whose death occurred 
at Brussels on November 20, 1908, was the eldest son of the late Mr. 
Lewis Wells, traffic accountant of the Eastern Telegraph Companv. 
He was for ten years in the service of the Associated Telegraph Com- 
panies, and did considerable work both in laying and repairing cables for 
colonial and foreign Governments. Afterwards he went into practice 
as a consulting electrical engineer, and in this capacity he acted for 
several foreign Governments. Не finally settled ай Brussels, holding 
the agency for a number of English firms. 

He was elected an Associate of the Institution іп 1888, апа was 
transferred to Membership in 189r. 
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